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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical waveguide excellent in transmission 
properties and long-term stability of the properties and to provide a method for manufacturing 
the optical waveguide. 

SOLUTION: In the optical waveguide comprising a lower clad layer, a core portion and an upper 
clad layer, at least one selected from the lower clad layer, the core portion and the upper clad 
layer is a cured body of a radiation- curable composition comprising (A) a copolymer (having 
alkali solubility) comprising (a) (5-50 wt.% component comprising) a radical polymerizable 
compound having a carboxy group, (b) (15-60 wt.% component comprising) a radial polymerizable 
compound having no carboxy group and (c) (5-80 wt.% component comprising) another radical 
polymerizable compound, (B) a compound having two or more polymerizable reactive groups per 
molecule and (C) a radiation polymerization initiator. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] (A) The structural unit originating in the radical polymerization nature compound which 
has the (a) carboxyl group, (b) The structural unit originating in the radical polymerization nature 
compound which has an annular alkyl group and does not have a carboxyl group, And the 
radiation-curing nature constituent for optical waveguide formation characterized by containing 
the copolymer which has a structural unit originating in (c) above (a) and radical polymerization 
nature compounds other than (b), the compound which has two or more polymerization sexual 
response radicals in the (B) molecule, and (C) radiation polymerization initiator. 
[Claim 2] (B) The radiation-curing nature constituent for optical waveguide formation according 
to claim 1 with which the polymerization sexual response radical of a component is characterized 
by being an ethylene nature partial saturation radical. 

[Claim 3] (D) The radiation-curing nature constituent for optical waveguide formation according 
to claim 1 characterized by containing an organic solvent further as a component. 
[Claim 4] Optical waveguide characterized by at least one of a cladding layer and the core parts 
consisting of a hardened material of the radiation-curing nature constituent containing a 
(following A) - (C) component 

(A) (Compound C) radiation-polymerization initiator which has two or more polymerization sexual 
response radicals in (Copolymer B) molecule which has a structural unit originating in the 
structural unit originating in the radical polymerization nature compound which has the structural 
unit and (b) annular alkyl group originating in the radical polymerization nature compound which 
has the (a) carboxyl group, and does not have a carboxyl group, (c) above (a), and radical 
polymerization nature compounds other than (b) [claim 5] Optical waveguide according to claim 4 
characterized by the refractive-index difference of a cladding layer and a core part being 0.1% or 
more. 

[Claim 6] The manufacture approach of the optical waveguide characterized by being the 
process in which these at least one process carries out radiation curing of the radiation-curing 
nature constituent according to claim 1, and forms it while including the process which forms a 
lower cladding layer, the process which forms a core part, and the process which forms an up 
cladding layer. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of of the optical 
waveguide and optical waveguide which are formed using the radiation-curing nature constituent 
for optical waveguide formation which can form the optical waveguide which is excellent in the 
waveguide configuration where the purpose configuration was balanced, or a transmission 
characteristic, and it. 
[0002] 

[Description of the Prior Art] Multimedia age is greeted and optical waveguide attracts attention 
as a transmission medium of light from the demand of large-capacity-izing of the information 
processing in an optical transmission system or a computer, and improvement in the speed. As 
such optical waveguide, quartz system waveguide is typical and, generally is manufactured 
according to the following processes. 

** Form the lower cladding layer which consists of glass membrane by technique, such as the 
flame depositing method (FHD) and a CVD method, on a silicon substrate. 

** Form the thin film of the minerals with which this differs from a refractive index on a lower 
cladding layer, and form a core part by carrying out patterning of this thin film using a reactive- 
ion-etching method (RIE). 

** Form an up cladding layer by the flame depositing method further. 
However, by such manufacture approach of quartz system waveguide, while the special 
manufacturing installation was required, problems, like production time starts for a long time 
were seen. 

[0003] Then, by both developing an unexposed part as if the light of the specified quantity being 
irradiated and radiation curing of the predetermined location being carried out to the constituent 
containing the component in which radiation polymerization is possible, the artificers of this 
invention formed the core part etc. and have proposed the approach of manufacturing the optical 
waveguide which is excellent in a transmission characteristic. According to the manufacture 
approach of optical waveguide using such a radiation-curing nature constituent, the advantage 
that a short time can be manufactured only by developing negatives as compared with the 
manufacture approach of the conventional quartz system waveguide after irradiating the light of 
the specified quantity, and optical waveguide can be manufactured by low cost can be acquired. 
However, the case where it could be difficult to form the optical waveguide which has detailed 
width of face, or it could not form the optical waveguide which has the outstanding transmission 
characteristic even if it performs the manufacture approach of the above-mentioned optical 
waveguide using the radiation-curing nature constituent reported to the former was seen. 
[0004] 

[Problem(s) to be Solved by the Invention] This invention is made against the background of the 
above situations, and aims at offering the approach that the outstanding waveguide configuration, 
the optical waveguide which has the outstanding transmission characteristic, and such optical 
waveguide can be manufactured efficiently. 
[0005] 
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[Means for Solving the Problem] The structural unit to which this invention originates in the 
radical polymerization nature compound which has the (A) and (a) carboxyl group, (b) The 
structural unit originating in the radical polymerization nature compound which has an annular 
alkyl group and does not have a carboxyl group, And the copolymer which has a structural unit 
originating in (c) above (a) and radical polymerization nature compounds other than (b) 
("Copolymer (A)" is said hereafter), the compound which has two or more polymerization sexual 
response radicals in the (B) molecule, And the radiation-curing nature constituent for optical 
waveguide formation characterized by containing (C) radiation polymerization initiator The optical 
waveguide which formed at least one of (it may be hereafter called a "radiation-curing nature 
constituent"), a cladding layer, and the core parts with this constituent, and its manufacture 
approach are offered. 
[0006] 

[Embodiment of the Invention] The radiation hardenability product copolymer for optical 
waveguide formation (A) can be obtained by carrying out radical copolymerization of the radical 
polymerization nature compound which has the radical polymerization nature compound and (b) 
annular alkyl group which have the (a) carboxyl group, and does not have a carboxyl group, (c) 
above (a), and the radical polymerization nature compounds other than (b) in a solvent. 
[0007] As a radical polymerization nature compound (a) which has said carboxyl group, the 
methacrylic-acid derivative which has a carboxyl group and ester bonds, such as dicarboxylic 
acid;2~SAKUSHINO roil ethyl (meta) acrylate, such as monocarboxylic acid; maleic acids, such as 
an acrylic acid, a methacrylic acid, and a crotonic acid, a fumaric acid, a citraconic acid, 
mesaconic acid, and an itaconic acid, 2-MAREINO roil ethyl (meta) acrylate, and 2-hexahydro 
phthloyl ethyl (meta) acrylate, for example can be used. These compounds can be used 
combining independence or two sorts or more. In these, an acrylic acid, a methacrylic acid, and 
2-hexahydro phthloyl ethyl (meta) acrylate are an acrylic acid and a methacrylic acid desirable 
still more preferably. 

[0008] The rate of the structural unit originating in the radical polymerization nature compound 
which has the carbonyl group occupied in a copolymer (A) is 5 - 50 % of the weight, and is 10 - 
40 % of the weight preferably. When it is hard coming to dissolve when this constituent is 
stiffened by optical exposure as the rate of this structural unit is less than 5 % of the weight, and 
an alkali development is performed, and it uses as a core part of optical waveguide, the core 
configuration as a design is not acquired and sufficient transmission characteristic is not 
acquired. Conversely, even if it exceeds 50 % of the weight, the thing of the configuration as a 
design is not obtained. 

[0009] As a radical polymerization nature compound (b) which has said annular alkyl group and 
does not have a carbonyl group, cyclohexyl (meta) acrylate, 2-methylcyclohexyl (meta) acrylate, 
dicyclopentanil oxy-ethyl (meta) acrylate, isobornyl (meta) acrylate, dicyclopentanil(metha) 
acrylate, etc. can be mentioned, for example. These compounds can be used combining 
independence or two sorts or more. In these, dicyclopentanil(metha)acrylate is desirable. 
[0010] The rate of the structural unit originating in the radical polymerization nature compound 
which has the annular alkyl group occupied in a copolymer (A), and does not have a carbonyl 
group is 15 - 60 % of the weight, and is 20 - 50 % of the weight preferably. The molecular weight 
of the copolymer obtained as this rate is less than 15 % of the weight does not fully go up, but 
the hardening film of this constituent of 20-micrometer or more thickness becomes difficult, and 
the waveguide configuration of hope cannot be produced. Conversely, if it exceeds 60 % of the 
weight, the solubility over the solvent of the copolymer obtained falls, and in case a copolymer is 
prepared, a problem will arise. 

[001 1] said — others — a radical polymerization nature compound (c) is used in order to mainly 
control the mechanical property and refractive index of a copolymer (A) moderately. As such 
other radical polymerization nature compounds (c), acrylic-acid (meta) alkyl ester, acrylic-acid 
(meta) aryl ester, dicarboxylic acid diester, aromatic series vinyl, conjugation diolefins, a nitrile 
group content polymerization nature compound, a chlorine content polymerization nature 
compound, an amide joint content polymerization nature compound, and fatty-acid vinyl can be 
mentioned preferably. Specifically Methyl (meta) acrylate, ethyl (meta) acrylate, Isopropyl (meta) 
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acrytate, n-butyl (meta) acrylate, Acrylic-acid (meta) alkyl ester, such as sec-butyl (meta) 
acrylate and t-butyl (meta) acrylate; Phenyl (meta) acrylate, Acrylic-acid (meta) aryl ester, such 
as benzyl (meta) acrylate; A diethyl maleate, Dicarboxylic acid diester, such as diethyl fumarate 
and itaconic-acid diethyl; Styrene, Alpha methyl styrene, m-methyl styrene, p-methyl styrene, 
vinyltoluene, Aromatic series vinyl, such as p-methoxy styrene; 1,3-butadiene, Conjugation 
diolefins, such as isoprene, 1, and 4-dimethylbutadiene Nitrile group content polymerization 
nature compounds, such as acrylonitrile and a methacryionitrile; A vinyl chloride. Chlorine 
content polymerization nature compounds, such as a vinylidene chloride; fatty-acid vinyl [, such 
as amide joint content polymerization nature compound; vinyl acetate, ], such as acrylamide and 
methacrylamide, can be used. These compounds can be used combining independence or two 
sorts or more, and methyl (meta) acrylate, n-butyl (meta) acrylate, styrene, especially its alpha 
methyl styrene, etc. are [ among these ] desirable. The rate of the structural unit originating in 
radical polymerization nature compounds other than (a) occupied in a copolymer (A) and (b) is 5 
- 80 % of the weight, and is 20 - 70 % of the weight preferably. 

[0012] As a polymerization solvent used in case a copolymer (A) is compounded For example, a 
methanol, ethanol, ethylene glycol, a diethylene glycol, Alcohols, such as propylene glycol; Cyclic 
ether; ethylene glycol monomethyl ether, such as a tetrahydrofuran and dioxane, Ethylene glycol 
monoethyl ether, ethylene glycol wood ether, Ethylene glycol diethylether, the diethylene-glycol 
monomethyl ether, Diethylene glycol monoethyl ether, diethylene-glycol wood ether, Diethylene- 
glycol diethylether, diethylene-glycol ethyl methyl ether, The alkyl ether of polyhydric alcohol, 
such as propylene glycol monomethyl ether and the propylene glycol monoethyl ether; Ethylene 
glycol ethyl ether acetate, The alkyl ether acetate of polyhydric alcohol, such as diethylene- 
glycol ethyl ether acetate and propylene glycol ethyl ether acetate; Toluene, Aromatic 
hydrocarbon, such as a xylene; An acetone, a methyl ethyl ketone, Methyl isobutyl ketone, a 
cyclohexanone, 4-hydroxy-4-methyl-2-pentanone, Ketones, such as diacetone alcohol; Ethyl 
acetate, butyl acetate, ethyl lactate, 2-hydroxy ethyl propionate, 2-hydroxy-2-methyl ethyl 
propionate, 2-hydroxy-2-methyl ethyl propionate, ethoxy ethyl acetate, Ester, such as 
hydroxyacetic acid ethyl, 2-hydroxy-3-methyl butanoic acid methyl, 3-methoxy methyl 
propionate, 3-methoxy ethyl propionate, 3-ethoxy ethyl propionate, and 3-ethoxy methyl 
propionate, is mentioned. Cyclic ether, the alkyl ether of polyhydric alcohol, the alkyl ether 
acetate of polyhydric alcohol, ketones, and ester are [ among these ] desirable. 
[0013] Moreover, as a polymerization catalyst in radical copolymerization, the usual radical 
polymerization initiator can be used, for example, organic peroxide, such as an azo compound; 
benzoyl peroxide [, such as - azobis - (4-methoxy-2'-dimethylvaleronitrile) ], lauroyl peroxide, t- 
butylperoxy pivalate, and 2 and 2(- azobisisobutyronitril, and '2, 2')~azobis - (2,4- 
dimethylvaleronitrile), 2, and 2 '1, V-screw-(t-butylperoxy) cyclohexane, a hydrogen peroxide, 
etc. can be mentioned. When using a peroxide for a radical polymerization initiator, it is good also 
as an initiator of a redox type combining a reducing agent. The desirable average molecular 
weight of the copolymer (A) obtained is 3,000-100,000. This molecular weight is defined by the 
polystyrene conversion called for by the gel permission chromatography (GPC). It becomes 
difficult to carry out coating of this constituent to molecular weight being less than 3,000 by 
predetermined thickness on a substrate. On the contrary, if molecular weight exceeds 100,000, in 
case optical waveguide will be formed with this constituent, the target waveguide configuration 
may not be acquired. 

[0014] The compounds (B) which have two or more polymerization sexual response radicals in 
the molecule which constitutes the constituent of this invention are thermal polymerization 
and/or a compound to photopolymerize, and can illustrate a compound as shown below. 
The compound which has two or more ethylene nature partial saturation radicals in a molecule; 
(meta) the compound which contains an acryloyl radical or a vinyl group in [ two or more ] a 
molecule can be used. As such a compound, for example Ethylene GURIKORUJI (meta) acrylate, 
Tetra-ethylene GURIKORUJI (meta) acrylate, polyethylene GURIKORUJI (meta) acrylate, To 1, 
4-butane JIORUJI (meta) acrylate, 1, and 6- KISANJIORUJI (meta) acrylate, Neopentyl 
GURIKORUJI (meta) acrylate, tris (2-hydroxyethyl) iso SHIANURETOJI (meta) acrylate. Bis 
(hydroxymethyl) tricyclo DEKAN JI (meta) acrylate, The di(meth)acrylate of the diol which is the 
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adduct of the ethyleneoxide of bisphenol A, or propylene oxide, The di(meth)acrylate of the diol 
which is the adduct of the ethyleneoxide of hydrogenation bisphenol A, or propylene oxide, The 
epoxy (meta) acrylate which made acrylate (meta) add to the diglycidyl ether of bisphenol A, the 
diacrylate of polyoxyalkylene-ized bisphenol A, etc. are mentioned. As acrylate (meta) which 
furthermore contains three or more acryloyl (meta) radicals in a molecule The compound in 
which the acrylic acid (meta) three mols or more carried out the ester bond to the polyhydric 
alcohol which has three or more hydroxyl groups, For example, TORIMECHI roll pro pantry (meta) 
acrylate, pen TAERISURITORUTORI (meta) acrylate, Trimethylol propane TORIOKISHI ethyl 
(meta) acrylate, tris (2-hydroxy ethyl) iso SHIANURETOTORI (meta) acrylate, dipentaerythritol 
hexa (meta) acrylate, etc. are mentioned. Moreover, a polyether, polyester, the polyether acrylic 
oligomer that has a polyurethane frame, polyester acrylic oligomer, polyurethane acrylic oligomer, 
or poly epoxy acrylic oligomer can also be used for a principal chain. 

[0015] as these commercial items — YUPIMA [ ] UV — SA1002 and SA2007 (above) The 
Mitsubishi Chemical make, screw coat #195, #230, #215, #260, #295, #300, #335H.P., # 360, #400, 
#540, and # — 700 and 3 — PA and GPT (above) The OSAKA ORGANIC CHEMICAL INDUSTRY 
make, light acrylate 4 EG-A, 9 EG-A, NP-A, DCP-A, BP-4EA, BP-4PA, PE-3A, PE-4A, DPE-6A 
(above, product made from the Kyoeisha chemistry), KAYARAD MANDA, HX-220, HX-620, R- 
551, R-712, R-604, R-684, PET-30, GPO-303, TMPTA, DPHA, D-310, D-330, DPCA-20, -30, - 
60, -120 (above) The Nippon Kayaku make, ARONIKKUSU M208, M210, M215, M220, M240, 
M305, M309, M310, M315, M325, M400, M1200, M6100, M6200, M6250, M7100, M8030, M8060, 
M8100, M8530, and M8560 — M9050 (above, Toagosei make), RIPOKISHI VR-77, VR-60, VR-90 
(above) The Showa High Polymer make, Ebecryl 81, 83, 600, 629, 645, 745, 754, 767, 701, 755, 
705, 770, 800, 805, 810, 830, 450, 1830, and 1870 (above) The product made from die eel UCB, 
the beam sets 575, 551 B, 502H, and 102 (above, product made from the Arakawa chemistry), etc. 
are mentioned. 

[0016] The compound which has two or more cyclic ether in a molecule; the compound which 
has two or more cyclic ether can be used into a molecule among an oxirane compound, an 
oxetane compound, an oxo-run compound, etc. For example, it is 3 and 4-epoxycyclohexyl 
methyl as oxirane compounds. - 3', 4'-epoxy cyclohexane carboxylate, 2-(3, 4-epoxycyclohexyl - 
5, 5-spiro -3, 4-epoxy) cyclohexane-meta-dioxane, A bis(3, 4-epoxycyclohexyl methyl) horse 
mackerel peat, a bis(3, 4-epoxy-6-methylcyclohexyl methyl) horse mackerel peat, 3, 4-epoxy-6- 
methylcyclohexyl - 3\ 4 - epoxy -6-methylcyclohexane carboxylate, Methylenebis (3, 4-epoxy 
cyclohexane), dicyclopentadiene diepoxide, The JI (3, 4-epoxycyclohexyl methyl) ether of 
ethylene glycol, An ethylene screw (3, 4-epoxy cyclohexane carboxylate), Epoxidation tetra- 
benzyl alcohol, the lactone denaturation 3, 4-epoxycyclohexyl methyl - 3', 4-epoxy cyclohexane 
carboxylate, Lactone denaturation epoxidation tetrahydro benzyl alcohol, cyclohexene oxide, 
Bisphenol A diglycidyl ether, bisphenol F diglycidyl ether, Bisphenol S diglycidyl ether, 
hydrogenation bisphenol A diglycidyl ether, Hydrogenation bisphenol F diglycidyl ether, 
hydrogenation bisphenol A D diglycidyl ether, Bromination bisphenol A diglycidyl ether, 
bromination bisphenol F diglycidyl ether, Bromination bisphenol S diglycidyl ether, epoxy novolak 
resin, 1,4-butanediol diglycidyl ether, 1, 6-hexanediol diglycidyl ether, Glycerol triglycidyl ether, 
trimethylolpropane triglycidyl ether, Polyethylene glycol diglycidyl ether and polypropylene glycol 
diglycidyl ether; Ethylene glycol, Propylene glycol, By adding one sort or two sorts or more of 
alkylene oxide to aliphatic series polyhydric alcohol, such as a glycerol The monoglycidyl ether of 
the diglycidyl ester, aliphatic series higher alcohol of the Pori glycidylethers; aliphatic series 
long-chain dibasic acid of the polyether polyol obtained; A phenol, The glycidyl ester of a 
monoglycidyl ether, higher fatty acid of the polyether alcohol which adds alkylene oxide to cresol, 
butylphenol, or these, and is obtained; Epoxidized soybean oil, Epoxy butyl stearate, epoxy 
stearin acid octyl, the epoxidation linseed oil, etc. can be mentioned. As an oxetane compound, 3, 
a 7-bis(3-OKISETANIRU)-5-OKISA-nonane, 3 and 3 -(1, 3-(2-MECHIRENIRU) propane diyl 
screw (oxy-methylene)) screw - (3-ethyl oxetane), 1, 4-bis[(3-ethyl-3-OKISETA nil methoxy) 
methyl] benzene, 1, 2-bis[(3~ethyl-3-OKISETA nil methoxy) methyl] ethane, 1, a 3-bis[(3-ethyl- 
3-OKISETA nil methoxy) methyl] propane, The ethylene glycol bis(3-ethyl-3-OKISETA nil 
methyl) ether, The JISHIKURO pentenyl bis(3-ethyl-3-OKISETA nil methyl) ether, The 
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triethylene glycol bis(3-ethyl-3-OKISETA nil methyl) ether, The tetraethylene glycol bis(3-ethyl- 
3-OKISETA nil methyl) ether, The tricyclodecane diyl dimethylene (3-ethyl-3-OKlSETA nil 
methyl) ether, The trimethylol propane tris (3-ethy!-3-OKISETA nil methyl) ether, 1, 4-bis(3- 
ethyl-3-OKISETA nil methoxy) butane, 1, a 6-bis(3~ethyl-3-OKlSETA nil methoxy) hexane, The 
pentaerythritol tris (3-ethy|-3-OKISETA nil methyl) ether, The pentaerythritol tetrakis (3-ethyl- 
3-OKISETA nil methyl) ether etc. can be illustrated, and these can be used combining 
independent one sort or two sorts or more. 

[0017] As these commercial items, the EPO lights 40E, 100E, and 70P, 1500NP, 100MF, 4000 and 
3002 (above, product made from the Kyoeisha chemistry), the SEROKI sides 2021 and 2081, 
GT301 and GT401, EPOLEAD CDM, PB3600, the EPO friends A1005, A1010, and A1020 (above, 
Daicel Chemical Industries make), DENAKORU 611, 612, 512, 521, 411, 421, 313, and 321 (above, 
Nagase Brothers formation make), etc. are mentioned. 

[0018] Moreover, you may be the compound which contains the above mentioned ethylene 
nature partial saturation radical and both at least one or more reactivity radicals of cyclic ether 
in a molecule, respectively. For example, glycidyl (meta) acrylate, vinyl cyclohexene oxide, 4-vinyl 
epoxy cyclohexane, 3, and 4-epoxycycIohexyl methyl (meta) acrylate etc. is mentioned. As for 
these compounds (B), it is desirable to use the compound which may use by independence or 
two sorts or more, and contains an ethylene nature partial saturation radical in [ two or more ] a 
molecule especially, the (Copolymer A) 100 weight section — receiving — desirable — the 30 - 
150 weight section — it is the 50-130 weight section more preferably. In case optical 
waveguide is formed in case of under 30 weight sections, when the target waveguide 
configuration may not be acquired and the 1 50 weight sections are exceeded, compatibility with 
a copolymer (A) may worsen and may produce a film dry area on a hardened material front face. 
[0019] The radiation polymerization initiator (C) which constitutes the constituent of this 
invention is an initiator which can generate the active species which can carry out the 
polymerization of the compound (B) described above with the radiation. A radiation means 
infrared radiation, a visible ray, ultraviolet rays and an X-ray, an electron ray, alpha rays, beta 
rays, and ionizing radiation like a gamma ray here. Therefore, the radiation polymerization initiator 
which is a component (C) is needed, and a photosensitizer is added further if needed. It can 
divide roughly into what decomposes by optical exposure and generates a radical as a radiation 
polymerization initiator (radiation radical polymerization initiator), and the thing (radiation cationic 
initiator) which generates a cation. 

[0020] As a radiation radical polymerization initiator, for example An acetophenone, 
acetophenone benzyl ketal, A 1 -hydroxy cyclohexyl phenyl ketone, 2, and 2-dimethoxy-2-phenyl 
acetophenone, xanthone and full — me — non and ** NZUARUDEHIDO, a fluorene, and 
anthraquinone — A triphenylamine, a carbazole, 3-methylacetophenone, 4-chlorobenzo phenon, 
A 4 and 4'-dimethoxy benzophenone, 4, and 4'-diamino benzophenone, A Michler s ketone, the 
benzoin propyl ether, benzoin ethyl ether, Benzyl dimethyl ketal, 1-(4-isopropyl phenyl)-2- 
hydroxy-isobutane-1-ON, 2-hydroxy - 2-methyl-1 -phenyl propane-1-ON, a thioxan ton, A 
diethyl thioxan ton, 2-isopropyl thioxan ton, 2~chloro thioxan ton, 2-methyl-1-[4-(methylthio) 
phenyl]-2-morpholino-propane-1-ON, 2, 4, 6-trimethyl benzoyl diphenyl phosphine oxide, and 
screw-(2, 6-dimethoxybenzoyl)- 2, 4, and 4-trimethyl pentyl phosphoretted hydrogen oxide etc. 
is mentioned. 

[0021] As a commercial item of a radiation radical polymerization initiator, Irgacure 184, 369, 651, 

500, 819, 907, 784, and 2959, CGI1700, CGI1750, CGI11850 and CG 24-61, Darocurl 116 and 

1173 (above, made in Tiba Speciality Chemicals), LucirinTPO, TPO-L (above, BASF make), 

YUBEKURIRU P36 (product made from UCB), etc. are mentioned, for example. 

[0022] The onium salt which has the structure expressed with the following general formula (1) 

as a radiation cationic initiator can be mentioned. This onium salt is a compound which emits 

Lewis acid by receiving light. 

[R12a R13b R14c R15d W]+m[MXn+m]-m (1) 

It is that R12, R13, R14, and R15 are the same or a different organic radical, and a cation is 
onium ion among [type and (a+b+c+d) is [ W is S, Se, Te, P As, Sb Bi, O, I, Br, CI, or N**N, and / 
a, b, c, and d are the integers of 0-3, respectively, and ] equal to the valence of W. M is the 
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metal or metalloid which constitutes the neutral atom of a halogenide complex [MXn+m], for 
example, is B, P, As, Sb, Fe, Sn, Bi ? aluminum, calcium, In, Ti, Zn, Sc, V, Cr, Mn, Co, etc. X is 
halogen atoms, such as F, CI, and Br, m is the charge of the net of halogenide complex ion, and n 
is the valence of M. ] 

In a general formula (1) as an example of onium ion Diphenyliodonium, 4-methoxy 
diphenyliodonium, bis(4-methylphenyl) iodonium, Bis(4-tert-buthylphenyl) iodonium, bis(dodecyl 
phenyl) iodonium, Triphenylsulfonium, diphenyl-4-thio phenoxyphenyl sulfonium, A bis[4-(diphenyl 
SURUFONiO-phenyl] sulfide, a bis[4-(JI (4-(2-hydroxyethyl) phenyl) SURUHONlO)-phenyl] 
sulfide, eta5-2 and 4-(cyclo pen TAJIENIRU) [1, 2, 3, 4, 5, and 6-eta-(methylethyl)-benzene]- 
iron (1+) etc. is mentioned. 

[0023] As an example of the anion (MXn+m) in the above-mentioned general formula (1), 
tetrafluoroborate (BF4-), hexafluorophosphate (PF6-), hexafluoroantimonate (SbF6-), 
hexafluoroarsenate (AsF6~), hexa chloro antimonate (SbCI6-) f etc. are mentioned. As onium salt 
which can be used as a radiation cationic initiator, it sets to said general formula (27), and is 
general formula: [MXn(OH)-] instead of [MXn+m]. 

( — here, M, X, and n are as a definition about a general formula (1).) — the onium salt which has 
other anions, such as the anion expressed, perchloric acid ion (CI04-), trifluoro methysulfonic 
acid ion (CF3S03-), fluorosulfonic acid ion (FS03-), toluenesulfonic acid ion, trinitrobenzene 
sulfonic acid ion, and trinitrotoluene sulfonic acid ion, is mentioned. 

[0024] As a commercial item of a radiation cationic initiator For example, UVI-6950, UVl-6970, 
UVI-6974, UVi-6990 (above) Union Carbide, ADEKAOPUTOMA SP-150, SP-151, SP-170, SP- 
171 (above) Asahi Denka Kogyo K.K., Irgacure 261 (above, Ciba-Geigy), CI-2481, CI-2624, CI- 
2639, CI-2064 (above) Nippon Soda Co., Ltd., CD-1010, CD-1011, CD-1012 (above) Sartomer, 
DTS-102, DTS-103, NAT-103, NDS-103, TPS-102, TPS-103, MDS-103, MPI-103, BBM01, 
BBM02, BBI-103 (above) Green Chemistry, Degacure K126 (Degussa AG make) etc. is 
mentioned. The aforementioned radiation polymerization initiator can constitute the (C) 
component combining one-sort independence or two or more sorts of things. 
[0025] When it is made into a component (A) and the total quantity 100 weight section of (B), as 
for the content rate of the (C) component in the radiation-curing nature constituent of this 
invention, it is desirable that it is usually 0.1 - 20 weight section, and it is desirable that it is 
especially 0.2-10 weight section. (C) When the content rate of a component is under the 0.1 
weight section, hardening may not fully advance but may produce a problem in the transmission 
characteristic of optical waveguide. On the other hand, if 20 weight sections are exceeded, an 
initiator may have a bad influence on a long-^term transmission characteristic. 
[0026] Moreover, in a radiation-curing nature constituent, it is also desirable to use together 
with the radiation polymerization initiator mentioned above, and to blend a photosensitizes This 
reason is because energy lines, such as light, can be absorbed more effectively by using a 
photosensitizer together, as such a photosensitizer — derivative [ of a thioxan ton, a diethyl 
thioxan ton, and a thioxan ton ]; — a derivative; coumarin, a keto coumarin, etc. of the derivative; 
xanthone of the derivative; anthracene of anthraquinone, bromine anthraquinone, and 
anthraquinone, a bromine anthracene, anthracene derivative; perylene, and perylene, a thioxan 
ton, and a thioxan ton can be mentioned. These photosensitizers need to choose the sensitizer 
for which it was suitable according to the class of initiator. 

[0027] In the radiation-curing nature constituent of this invention, in the range which does not 
spoil the property of the radiation-curing nature constituent of this invention if needed other 
than the aforementioned component For example, the compound and macromolecule resin which 
contain one polymerization sexual response radical in a molecule, For example, an epoxy resin, 
acrylic resin, polyamide resin, polyamidoimide resin, Polyurethane resin, a polybutadiene resin, 
polychloroprene resin, polyether resin, Polyester resin, a styrene-butadiene block copolymer, 
petroleum resin, xylene resin, ketone resin, cellulosic resin, a fluorine system polymer, and a 
silicone system polymer polymer can be blended. 

[0028] An antioxidant, an ultraviolet ray absorbent, light stabilizer, a silane coupling agent, a 
painted-surface amelioration agent, thermal polymerization inhibitor, a leveling agent, a 
surfactant, a coloring agent, a preservation stabilizer, a plasticizer, lubricant, a filler, a particle, an 
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antioxidant, a wettability amelioration agent, an antistatic agent, etc. can be blended as various 
additives further again if needed in addition to the above-mentioned component. Here, as an 
antioxidant, it is Irganox 1010, 1035, 1076, and 1222 (above), for example. The product made from 
tiba SUPESHARUTI KEMIKARUZU, Antigene P, 3C, FR, Sumi Reiser (Sumitomo Chemical make), 
etc. are mentioned. As an ultraviolet ray absorbent For example, Tinuvin P, 234, 320, 326, 327, 
328, 329, 213 (above) The product made from tiba SUPESHARUTI KEMIKARUZU, Seesorb 102, 
103, 110, 501, 202, 712, and 704 (above, SHIPRO formation make), etc. are mentioned. As light 
stabilizer For example, Tinuvin 292, 144, 622LD (above, product made from tiba SUPESHARUTI 
KEMIKARUZU), SANORU [ LS and Sumisorb ] 770 (Sankyo make) TM-061 (Sumitomo Chemical 
make) etc. is mentioned. As a silane coupling agent for example, as gamma-aminopropyl 
triethoxysilane, gamma-mercapto propyltrimethoxysilane, gamma-meta- 

acryloxyprophyltrimethoxysilane, and a commercial item SH 6062 and 6030 (above, Dow Corning 
Toray Silicone make), KBE 903, 603, and 403 (above, Shin-Etsu Chemical make), etc. are 
mentioned. As a painted-surface amelioration agent For example, silicone additives, such as a 
dimethylsiloxane polyether, are mentioned. As a commercial item, DC-57, DC-190 (above, Dow 
Corning make), SH 1 28PA, SH-29PA, SH-30PA, SH-190 (above) The Dow Corning Toray 
Silicone make, KF351, KF352, KF353 and KF354 (above, Shin-Etsu Chemical make), L-700, l_- 
7002, L-7500, FK-024-90 (above, Nippon Unicar make), etc. are mentioned. 

[0029] As for the radiation-curing nature constituent of this invention, it is still more desirable as 
a (D) component to contain an organic solvent. Since suitable viscosity can be obtained while 
the preservation stability of a radiation-curing nature constituent improves by adding an organic 
solvent, the optical waveguide which has uniform thickness can be formed. 

[0030] Although it can choose as a class of organic solvent in the range which does not spoil the 
purpose of this invention, and effectiveness, it is usually desirable that the boiling point under 
atmospheric pressure is the organic compound which has a value within the limits which are 50- 
200 degrees C, and it is the organic compound made to dissolve each constituent in 
homogeneity. The organic solvent specifically used in case the copolymer of a component (A) is 
prepared can be used. As a desirable organic solvent, alcohols, ester, and ketones are mentioned 
and at least one solvent chosen from the group which consists of propylene glycol monomethyl 
ether, ethyl lactate, methyl isobutyl ketone, methyl amyl ketone, toluene, a xylene, and a 
methanol is mentioned as a more desirable organic solvent. 

[0031] When it is made into the AUW 100 weight section of (C) from a component (A), as for the 
content of an organic solvent, it is desirable to consider as the value of the 10 - 200 weight 
section within the limits. It is because the viscosity control of a radiation-curing nature 
constituent may become difficult if the addition of this organic solvent becomes under 10 weight 
sections, and is because it may become difficult to form the optical waveguide which has 
sufficient thickness if the addition of an organic solvent exceeds the 200 weight sections on the 
other hand. 

[0032] The radiation-curing nature constituent of this invention chooses suitably the class of 
the above-mentioned (A) component and (B) component, loadings, etc., in order to consider as a 
refractive index required for the part to be used, i.e., a cladding layer, and a core part. In case 
the radiation-curing nature constituent of this invention is prepared, it is desirable to make the 
viscosity into the value within the limits of 1-10,000cps (25 degrees C), it is more desirable to 
consider as the value within the limits of 5-8,000cps (25 degrees C), and it is still more desirable 
to consider as the value within the limits of 10-5,000cps (25 degrees C). 

[0033] Optical waveguide drawing 1 is the sectional view showing the fundamental configuration 
of the optical waveguide constituted with the application of the radiation-curing nature 
constituent of this invention. As shown in this drawing 1 , optical waveguide is constituted 
including the substrate 12 extended in the direction of a right angle (the depth direction) in 
space, the lower cladding layer 13 formed on the front face of this substrate 12, the core part 15 
which was formed on this lower cladding layer 13 and which has specific width of face, and the 
up cladding layer 17 formed by carrying out a laminating on the lower cladding layer 13 containing 
this core part 15. And as waveguide loss decreases, the core part 15 is covered with the lower 
cladding layer 13 and the up cladding layer 17 including the flank, and is in the condition laid 
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underground as a whole. 

[0034] In the optical waveguide of the above configurations, although especially the thickness of 
a lower cladding layer, an up cladding layer, and a core part is not restricted, respectively, it is 
desirable to, make [ lower clad layer thickness ] 3-200 micrometers and up clad layer thickness 
into the value within the limits of 1-200 micrometers for the thickness of 1-200 micrometers and 
a core part for example. Moreover/although not limited especially about the width of face of a 
core part, either, it is desirable to consider as the value within the limits of 1-200 micrometers 
for example. 

[0035] Moreover, it is required to make the refractive index of a core part larger than which 
refractive index of the lower part and an up cladding layer. Therefore, while making the refractive 
index of a core part into the value of 1.420-1.650 within the limits to light with a wavelength of 
400-1 ,600nm, it is desirable to make the refractive index of a lower cladding layer and an up 
cladding layer into the value of 1.400-1.648 within the limits, respectively. Moreover, it is 
desirable that the refractive-index difference of a core part and a cladding layer is separated 
0.1% or more, and it is desirable to make especially the refractive index of a core part into a 
value larger at least 0.1% than the refractive index of a cladding layer. As for the optical 
waveguide of this invention, at least one of the above-mentioned cladding layer and the core 
parts consists of a hardened material of the radiation-curing nature constituent of this invention. 
The cladding layer and core part which are not formed with the hardened material of the 
radiation-curing nature constituent of this invention can be formed by polyimide, polyacrylate, 
the polycarbonate, a polysiloxane, etc. 

[0036] Optical waveguide is formed through a process as shown in drawing 2 . That is, after 
carrying out coating of the radiation-curing nature constituent for forming those layers for each 
of lower cladding layers 13, core parts 15, and up cladding layers (not shown), it is desirable to 
form by carrying out radiation curing. In addition, the following examples of formation explain a 
lower cladding layer, a core part, and an up cladding layer supposing forming from the constituent 
for lower layers which is a radiation-curing nature constituent with which the hardened material 
with which refractive indexes differ after hardening, respectively is obtained, the constituent for 
cores, and the constituent for the upper layers. And it is desirable to use as the constituent for 
cores the radiation-curing nature constituent which gives the hardening film of the highest 
refractive index using two sorts or three sorts of radiation-curing nature constituents with which 
the difference of a refractive index serves as proper magnitude, and to use other radiation- 
curing nature constituents as the constituent for lower layers and a constituent for the upper 
layers. However, the constituent for lower layers and the constituent for the upper layers may 
be the same radiation-curing nature constituents, it is economically advantageous that it is the 
usually same constituent, and it is more desirable from manufacture management becoming easy. 

[0037] ** As shown in preparation **** of a substrate, and drawing 2 (a), prepare the substrate 
12 which has a flat front face. Especially as a class of this substrate 12, although not restricted, 
a silicon substrate, a glass substrate, etc. can be used, for example. 

[0038] ** It is the process which forms the lower cladding layer 13 in the front face of the 
substrate 12 in which the lower cladding layer carried out formation process preparation. As 
shown in drawing 2 (b), apply the constituent for lower layers to the front face of a substrate 12, 
it is made to dry or prebake, and, specifically, the thin film for lower layers is formed in it. And 
this thin film for lower layers can be stiffened by irradiating a radiation, and the lower cladding 
layer 13 can be formed. In addition, it is desirable to irradiate a radiation all over a thin film and 
to harden the whole in the formation process of the lower cladding layer 13. 
[0039] Here, as the method of application, approaches, such as a spin coat method, a dipping 
method, a spray method, the bar coat method, the roll coat method, the curtain coat method, 
gravure, the silk screen method, or the ink jet method, can be used for the constituent for lower 
layers. Among these, since the thin film for lower layers of uniform thickness is obtained 
especially, it is more desirable to adopt a spin coat method. Moreover, since the rheology 
property of the constituent for lower layers should be appropriately corresponded to the method 
of application, it is desirable to blend various leveling agents, a CHIKUSO grant agent, a filler v an 
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organic solvent, a surfactant etc. if needed. Moreover, as for the thin film for lower layers which 
consists of a constituent for lower layers, it is desirable after spreading to prebake at the 
temperature of 50-200 degrees C in order to remove an organic solvent etc. In addition, they are 
the contents which are applied also in the formation process of the core part mentioned later, 
and the formation process of an up cladding layer about the method of application in the 
formation process of a lower cladding layer, and amelioration of a rheology property. 
[0040] Moreover, although there is nothing also about the exposure of the radiation at the time 
of forming a lower cladding layer especially at the thing restricted, it is desirable to irradiate the 
radiation of 2 so that an exposure may serve as 10 - 5,000 mJ/cm2, and to expose it the 
wavelength of 200-390nm and the illuminance of 0.1-500mW/cm. Although the light, ultraviolet 
rays, infrared radiation, an X-ray, alpha rays, beta rays, a gamma ray, etc. can be used here as a 
class of radiation irradiated, especially ultraviolet rays are desirable. And as irradiation equipment 
of a radiation (ultraviolet rays), it is desirable to, use a high-pressure mercury lamp, a low- 
pressure mercury lamp, a metal halide lamp, an excimer lamp, etc. for example. Moreover, heat- 
treating further (henceforth "postbake") is desirable so that the whole paint film surface may 
harden enough after exposure. What is necessary is to be 50-300 degrees C preferably, for 
example, just to usually make it into the heating conditions of for [ 5 minutes ] - 72 hours 30- 
400 degrees C, although this heating condition changes according to the combination 
presentation of a radiation-curing nature constituent, the class of additive, etc. In addition, they 
are the contents which are applied also in the formation process of the core part mentioned 
later, and the formation process of an up cladding layer about the exposure of the radiation in 
the formation process of a lower cladding layer, a class, and the irradiation equipment of a 
radiation (ultraviolet rays). 

[0041] ** it is shown on formation, next this lower cladding layer 13 of a core part at drawing 2 
(c) — as — the constituent for cores — applying — desiccation — or make it prebake further 
and form the thin film 14 for cores. Then, as shown in drawing 2 (d), it is desirable to irradiate a 
radiation 16 to the top face of the thin film 14 for cores through the photo mask 19 which has 
the predetermined Rhine pattern according to a predetermined pattern. Since only the part 
where the radiation was irradiated hardens by this, as shown in drawing 2 (e) f the core part 15 
which consists of hardening film by which patterning was carried out can be formed on the lower 
cladding layer 13 by carrying out development removal of the part which is not hardened 
[ other ]. 

[0042] Moreover, after the exposure of the radiation 16 to the thin film 14 for cores for forming 
the core part 15 is performed according to the photo mask 19 which has a predetermined 
pattern, by developing a part for an unexposed part with a developer, an unnecessary non- 
hardened part is removed and the core part 15 is formed of this. Thus, the approach of a-c 
which it is not restricted to the approach using the photo mask which consists of the 
transparency section and the nontransparent section of a radiation as an approach of irradiating 
a radiation according to a predetermined pattern, for example, is shown below is mentioned. 

a. How to use a means to form the mask image using the same principle as a liquid crystal 
display which consists of a radioparency field and a radiopacity field according to a 
predetermined pattern in electro-optics. 

b. How to irradiate a radiation through the optical fiber corresponding to the predetermined 
pattern in this light guide section material using the light guide section material which comes to 
bundle many optical fibers. 

c. How to irradiate a radiation-curing nature constituent, while making the convergent radiation 
obtained according to condensing nature optical system, such as a laser beam or a lens, and a 
mirror, scan. 

In addition, after exposure, in order to promote hardening of an exposure part, heat-treating 
(henceforth "PEB") is desirable. Although the heating condition changes according to the 
combination presentation of a radiation-curing nature constituent, the class of additive, etc., it is 
usually 50-150 degrees C preferably 30-200 degrees C. 

[0043] Thus, pattern exposure can be carried out according to a predetermined pattern, and a 
development can be carried out to the thin film stiffened alternatively using the soluble 
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difference for a part for a hard spot, and a non-hard spot. Therefore, after pattern exposure, 
while removing a part for a non-hard spot, a core part can be formed as a result by making the 
amount of hard spot remain. 

[0044] As a developer here An organic solvent or a sodium hydroxide, a potassium hydroxide, A 
sodium carbonate, a sodium silicate, a meta-sodium silicate, ammonia, Ethylamine, n propylamine, 
diethylamine, G n propylamine, Triethylamine, methyl diethylamine, N-methyl pyrrolidone, 
Dimethylethanolamine, triethanolamine, tetramethylammonium hydroxide, The alkali water 
solution which consists of alkali, such as a tetraethylammonium hydroxide, choline, pyrrole, 
piperidine, 1, 8-diazabicyclo [5.4.0]~7-undecene, 1, and 5-diazabicyclo [4.3.0]-5-nonane, can be 
used. Moreover, when using alkali water solubility, it is desirable to usually make the 
concentration into the value of 0.1 - 3.0% of the weight of within the limits preferably 0.05 to 25% 
of the weight. In addition, it is also desirable to carry out suitable amount addition of water- 
soluble organic solvents, surfactants, etc., such as a methanol and ethanol, and to use it for such 
an alkali water solution as a developer. 

[0045] Moreover, developing time is usually for 30 - 600 seconds, and the development approach 
can adopt well-known approaches, such as a liquid peak method, a dipping method, and the 
shower developing-negatives method, being air-dry as it is, when an organic solvent is used as a 
developer — moreover — the case where an alkali water solution is used — a stream — 
washing — for example, a pattern-like coat is formed by carrying out for 30 - 90 seconds and 
removing the moisture on a front face by carrying out an air dried with the compressed air, 
compression nitrogen, etc. Subsequently, in order to stiffen the patterning section further, by 
heating apparatus, such as a hot plate and oven, postbake processing will be carried out for 5 - 
600 minutes at the temperature of 30-400 degrees C, and the hardened core part will be formed. 

[0046] ** of an up cladding layer — subsequently, apply the constituent for the upper 

layers to the front face of the lower cladding layer 13 in which the core part 15 was formed, 
make it dry or prebake, and form the thin film for the upper layers in it. By irradiating a radiation 
and besides, stiffening it to the thin film for layers, as shown in drawing 1 , the up cladding layer 
17 can be formed. Moreover, the up cladding layer obtained by the exposure of a radiation has 
the desirable thing which were further mentioned above if needed and to do for postbake. By 
carrying out postbake, the up cladding layer excellent in a degree of hardness and thermal 
resistance can be obtained. 
[0047] 

[Example] Hereafter, although an example explains this invention concretely, this invention is not 
limited to these examples. 

[0048] [Preparation of a radiation-curing nature constituent] 

After carrying out the nitrogen purge of the flask to which the example of preparation 1 dry ice / 
methanol dephlegmator of the copolymer for core parts (A) were attached, ethyl lactate was 
taught for 2 and 2 -azobisisobutyronitril as a polymerization initiator, and 53.8g was taught as 
1.3g and an organic solvent, and it stirred until the polymerization initiator dissolved. Then, after 
teaching 6.7g [ of methacrylic acids ], and dicyclopentanil methacrylate 1 5.7g, styrene 9.0g, and 
n-butyl acrylate 13.5g, stirring was begun gently. Then, the temperature of a solution was raised 
at 80 degrees C, and the polymerization was performed at this temperature for 4 hours. Then, 
the resultant was dropped at a lot of hexanes, and the resultant was made to solidify. 
Furthermore, it remelted to the tetrahydrofuran of this congelation and this weight, and was 
made to solidify again by a lot of hexanes. After performing this remelting-coagulation actuation 
a total of 3 times, the vacuum drying of the obtained congelation was carried out at 40 degrees 
C for 48 hours, and the target copolymer A-1 was obtained. 

[0049] Example 2 of preparation of the copolymer for cladding layers (A) After carrying out the 
nitrogen purge of the flask to which dry ice / methanol dephlegmator was attached, ethyl lactate 
was taught for 2 and 2-azobis dimethylvaleronitrile as a polymerization initiator, and 54.3g was 
taught as 0.5g and an organic solvent, and it stirred until the polymerization initiator dissolved. 
Then, after teaching 4.5g [ of methacrylic acids ], and dicyclopentanil methacrylate 9.0g, methyl 
methacrylate 20.4g, and n-butyl acrylate 11. 3g, stirring was begun gently. Then, the temperature 
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of a solution was raised at 80 degrees C, and the polymerization was performed at this 
temperature for 4 hours. Then, the resultant was dropped at a lot of hexanes, and the resultant 
was made to solidify. Furthermore, it remelted to the tetrahydrofuran of this congelation and this 
weight, and was made to solidify again by a lot of hexanes. After performing this remelting- 
coagulation actuation a total of 3 times, the vacuum drying of the obtained congelation was 
carried out at 40 degrees C for 48 hours, and the target copolymer A-2 was obtained. 
[0050] After carrying out the nitrogen purge of the flask to which the example of preparation 3 
dry ice / methanol dephlegmator of the copolymer for core parts (A) were attached, ethyl lactate 
was taught for 2 and 2-azobisisobutyronitril as a polymerization initiator, and 53.8g was taught 
as 1.3g and an organic solvent, and it stirred until the polymerization initiator dissolved. Then, 
after teaching 6.7g [ of methacrylic acids ], and isobornyl methacrylate 15.7g, styrene 9.0g, and 
n-butyl acrylate 13.5g, stirring was begun gently. Then, the temperature of a solution was raised 
at 80 degrees C, and the polymerization was performed at this temperature for 4 hours. Then, 
the resultant was dropped at a lot of hexanes, and the resultant was made to solidify. 
Furthermore, it remelted to the tetrahydrofuran of this congelation and this weight, and was 
made to solidify again by a lot of hexanes. After performing this remelting-coagulation actuation 
a total of 3 times, the vacuum drying of the obtained congelation was carried out at 40 degrees 
C for 48 hours, and the target copolymer A-3 was obtained. 

[0051] After carrying out the nitrogen purge of the flask to which the example of preparation 4 
(example of comparison) dry ice / methanol dephlegmator of the copolymer for core parts (A) 
were attached, ethyl lactate was taught for 2 and 2-azobisisobutyronitril as a polymerization 
initiator, and 53.8g was taught as 1.3g and an organic solvent, and it stirred until the 
polymerization initiator dissolved. Then, after teaching dicyclopentanil methacrylate 1 7.9g, 
styrene 9.1 g, and n-butyl acrylate 17.9g, stirring was begun gently. Then, the temperature of a 
solution was raised at 80 degrees C, and the polymerization was performed at this temperature 
for 4 hours. Then, the resultant was dropped at a lot of hexanes, and the resultant was made to 
solidify. Furthermore, it remelted to the tetrahydrofuran of this congelation and this weight, and 
was made to solidify again by a lot of hexanes. After performing this remelting-coagulation 
actuation a total of 3 times, the vacuum drying of the obtained congelation was carried out at 40 
degrees C for 48 hours, and the target copolymer A-4 was obtained. 

[0052] After carrying out the nitrogen purge of the flask to which the example of preparation 5 
(example of comparison) dry ice / methanol dephlegmator of the copolymer for cladding layers 
(A) were attached, ethyl lactate was taught for 2 and 2-azobis dimethylvaleronitrile as a 
polymerization initiator, and 54.3g was taught as 0.5g and an organic solvent, and it stirred until 
the polymerization initiator dissolved. Then, after teaching 4.5g [ of methacrylic acids ], and 
methyl methacrylate 24.9g, and n-butyl acrylate 15.8g, stirring was begun gently. Then, the 
temperature of a solution was raised at 80 degrees C, and the polymerization was performed at 
this temperature for 4 hours. Then, the resultant was dropped at a lot of hexanes, and the 
resultant was made to solidify. Furthermore, it remelted to the tetrahydrofuran of this 
congelation and this weight, and was made to solidify again by a lot of hexanes. After performing 
this remelting-coagulation actuation a total of 3 times, the vacuum drying of the obtained 
congelation was carried out at 40 degrees C for 48 hours, and the target copolymer A-5 was 
obtained. 

[0053] Copolymer A-1 in which the radiation-curing nature constituent J-1 carried out 
preparation The radiation-curing nature constituent J-1 was obtained by carrying out 48.5 
weight sections addition of the 3.0 weight sections and the ethyl lactate, and mixing to 
homogeneity Irgcure.369 (made in Tiba Speciality Chemicals) which are the 6.5 weight sections 
and a radiation radical polymerization initiator about the 10.0 weight sections and 
trimethylolpropane triacrylate in the polyester polyfunctional acrylate (the Toagosei make, 
M8100) which is a polymerization reactivity constituent to the 32.0 weight sections. 
[0054] Copolymer A-2 in which the radiation-curing nature constituent J-2 carried out 
preparation The radiation-curing nature constituent J-2 was obtained by carrying out 41.6 

weight sections addition of the 3.0 weight sections and the ethyl lactate, and mixing to 
homogeneity Irgcure.369 (made in Tiba Speciality Chemicals) which are the 11.1 weight sections 
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and a radiation radical polymerization initiator about the 16.6 weight sections and 
trimethylolpropane triacrylate in the polyester polyfunctional acrylate (the Toagosei make, 
M8100) which is a polymerization reactivity constituent to the 27.7 weight sections. 
[0055] Copolymer A-3 in which the radiation-curing nature constituent J-3 carried out 
preparation **** The radiation-curing nature constituent J-3 was obtained by carrying out 48.5 
weight sections addition of the 3.0 weight sections and the ethyl lactate, and mixing to 
homogeneity Irgcure.819 (made in Tiba Speciality Chemicals) which are the 13.5 weight sections 
and a radiation radical polymerization initiator about the pentaerythritol thoria chestnut rate 
which is a polymerization reactivity constituent to the 35.0 weight sections. 
[0056] Copolymer A-1 in which the radiation-curing nature constituent J-4 carried out 
preparation **** The radiation-curing nature constituent J-4 was obtained by carrying out 48.5 
weight sections addition of the 3.0 weight sections and the ethyl lactate, and mixing to 
homogeneity SP170 (product made from the Asahi electrification) who are the 16.5 weight 
sections and a radiation cationic initiator about the polyfunctional oxirane compound (the Daicel 
Chemical Industries make, EPOLEAD GT 301) which is a polymerization reactivity constituent to 
the 32.0 weight sections. 

[0057] Copolymer A-1 in which the radiation-curing nature constituent J-5 carried out 
preparation **** The radiation-curing nature constituent J-5 was obtained by carrying out 48.5 
weight sections addition of the 3.0 weight sections and the ethyl lactate, and mixing to 
homogeneity Irgcure.369 (made in Tiba Speciality Chemicals) which are the 13.5 weight sections 
and a radiation radical polymerization initiator about the dipentaerythritol hexaacrylate (the 
Nippon Kayaku make, DPHA) which is a polymerization reactivity constituent to the 35.0 weight 
sections. 

[0058] Copolymer A-4 in which the radiation-curing nature constituent J-6 carried out 
preparation (example of comparison) **** The radiation-curing nature constituent J-6 was 
obtained by carrying out 48.5 weight sections addition of the 3.0 weight sections and the ethyl 
lactate, and mixing to homogeneity Irgcure.369 (made in Tiba Speciality Chemicals) which are the 
6.5 weight sections and a radiation radical polymerization initiator about the 10.0 weight sections 
and trimethylolpropane triacrylate in the polyester polyfunctional acrylate (the Toagosei make, 
M8100) which is a polymerization reactivity constituent to the 32.0 weight sections. 
[0059] Copolymer A-5 in which the radiation-curing nature constituent J-7 carried out 
preparation (example of comparison) **** The radiation-curing nature constituent J-7 was 
obtained by carrying out 41.6 weight sections addition of the 3.0 weight sections and the ethyl 
lactate, and mixing to homogeneity Irgcure.369 (made in Tiba Speciality Chemicals) which are the 
11.1 weight sections and a radiation radical polymerization initiator about the 16.6 weight 
sections and trimethylolpropane triacrylate in the polyester polyfunctional acrylate (the Toagosei 
make, M8100) which is a polymerization reactivity constituent to the 27.7 weight sections. 
[0060] [Example 1] 

(1) The formation radiation-curing nature constituent J-2 of the formation ** lower cladding 
layer of optical waveguide was applied by the spin coater on the front face of a silicon substrate, 
and was prebaked the condition for 120 degrees C and 10 minutes using the hot plate. 
Subsequently, the paint film which consists of a radiation-curing nature constituent J-2 was 
irradiated for 30 seconds, and radiation curing of the ultraviolet rays of the wavelength of 365nm 
and illuminance 20 mW/cm2 was carried out to it. And this hardening film was made into the 
lower cladding layer with a thickness of 50 micrometers by carrying out postbake on 200 degrees 
C and the conditions of 1 hour. 

[0061] ** The paint film was formed by the spin coater on the lower cladding layer, and prebake 
of formation of a core part, next the radiation-curing nature constituent J-1 was carried out on 
1 20 degrees C and the conditions for 1 0 minutes using the hot plate. Then, through the photo 
mask which has a Rhine-like pattern with a width of face of 50 micrometers, the ultraviolet rays 
of 2 were irradiated for 30 seconds the wavelength of 365nm, and the illuminance of 20mW/cm, 
and radiation curing of the paint film was carried out to the paint film with a thickness of 50 
micrometers it is thin from the radiation-curing nature constituent J-1. Next, PEB was 
performed for the paint film which carried out radiation irradiation the condition for 100 degrees 
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C and 1 minute. Subsequently, it was immersed into the developer which consists of a 
tetramethylammonium hydroxide water solution (TMAH) the substrate which has the paint film 
which carried out radiation hardening 1.8%, and the unexposed part of a paint film was dissolved. 
Then, postbake was performed on 200 degrees C and the conditions of 1 hour, and the core part 
which has a Rhine-like pattern with a width of face of 10 micrometers was formed. 
[0062] ** **** of an up cladding layer — subsequently the radiation-curing nature constituent 
J-2 was applied to the top face of the lower cladding layer which has a core part by the spin 
coater, and it prebaked on 120 degrees C and the conditions for 10 minutes using the hot plate. 
Then, the up cladding layer with a thickness of 50 micrometers was formed in the paint film 
which consists of a radiation-curing nature constituent J-2 by irradiating the ultraviolet rays of 
the wavelength of 365nm, and illuminance 20 mW/cm2 for 30 seconds. Then, postbake of this up 
cladding layer was carried out on 200 degrees C and the conditions of 6 hours. 
[0063] Optical waveguide was formed by the same technique as the above mentioned technique 
except [ all ] using the constituent shown in Table 2 instead of using the constituent which 
described examples 2-4, the [examples 1-3 of comparison] lower cladding layer, the core part, 
and the up cladding layer in the example 1. 

[0064] (2) The case where core height and core width of face became "O", more than it, and the 
following configurations about the case where the configuration of 50**5 micrometers is formed, 
about the core configuration (height [ of 50 micrometers ] x Rhine width of face of 50 
micrometers) designed by technique to have carried out the precision above of the optical 
waveguide configuration was made into "x." A result is shown in Table 2. 
[0065] (3) transmission loss evaluation of optical waveguide — incidence of the light with a 
wavelength of 824nm was carried out from the end about the optical waveguide which consists 
of the lower cladding layer, core part, and up cladding layer which were obtained by doing in this 
way. And the waveguide loss per unit length was searched for by the cutting-back method by 
measuring the quantity of light which carries out outgoing radiation from the other end. A result 
is shown in Table 2. 
[0066] 
[Table 1] 
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[0068] 

[Effect of the Invention] Optical waveguide can be fabricated now by using the radiation-curing 
nature constituent of this invention to a short time and high degree of accuracy very easily. 
Moreover, transmission loss with the low optical waveguide formed with the radiation-curing 
nature constituent of this invention was able to be acquired. Thus, according to the manufacture 
approach of the optical waveguide of this invention, optical waveguide can be efficiently 
manufactured now. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the manufacture approach of of the optical 
waveguide and optical waveguide which are formed using the radiation-curing nature constituent 
for optical waveguide formation which can form the optical waveguide which is excellent in the 
waveguide configuration where the purpose configuration was balanced, or a transmission 
characteristic, and it. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 

[Description of the Prior Art] Multimedia age is greeted and optical waveguide attracts attention 
as a transmission medium of light from the demand of large-capacity-izing of the information 
processing in an optical transmission system or a computer, and improvement in the speed. As 
such optical waveguide, quartz system waveguide is typical and, generally is manufactured 
according to the following processes. 

** Form the lower cladding layer which consists of glass membrane by technique, such as the 
flame depositing method (FHD) and a CVD method, on a silicon substrate. 

** Form the thin film of the minerals with which this differs from a refractive index on a lower 
cladding layer, and form a core part by carrying out patterning of this thin film using a reactive- 
ion-etching method (RIE). 

** Form an up cladding layer by the flame depositing method further. 
However, by such manufacture approach of quartz system waveguide, while the special 
manufacturing installation was required, problems, like production time starts for a long time 
were seen. 

[0003] Then, by both developing an unexposed part as if the light of the specified quantity being 
irradiated and radiation curing of the predetermined location being carried out to the constituent 
containing the component in which radiation polymerization is possible, the artificers of this 
invention formed the core part etc. and have proposed the approach of manufacturing the optical 
waveguide which is excellent in a transmission characteristic. According to the manufacture 
approach of optical waveguide using such a radiation-curing nature constituent, the advantage 
that a short time can be manufactured only by developing negatives as compared with the 
manufacture approach of the conventional quartz system waveguide after irradiating the light of 
the specified quantity, and optical waveguide can be manufactured by low cost can be acquired. 
However, the case where it could be difficult to form the optical waveguide which has detailed 
width of face, or it could not form the optical waveguide which has the outstanding transmission 
characteristic even if it performs the manufacture approach of the above-mentioned optical 
waveguide using the radiation-curing nature constituent reported to the former was seen. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

EFFECT OF THE INVENTION 

[Effect of the Invention] Optical waveguide can be fabricated now by using the radiation-curing 
nature constituent of this invention to a short time and high degree of accuracy very easily. 
Moreover, transmission loss with the low optical waveguide formed with the radiation-curing 
nature constituent of this invention was able to be acquired. Thus, according to the manufacture 
approach of the optical waveguide of this invention, optical waveguide can be efficiently 
manufactured now. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 # **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] This invention is made against the background of the 
above situations, and aims at offering the approach that the outstanding waveguide configuration, 
the optical waveguide which has the outstanding transmission characteristic, and such optical 
waveguide can be manufactured efficiently. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] The structural unit to which this invention originates in the 
radical polymerization nature compound which has the (A) and (a) carboxyl group, (b) The 
structural unit originating in the radical polymerization nature compound which has an annular 
alkyl group and does not have a carboxyl group, And the copolymer which has a structural unit 
originating in (c) above (a) and radical polymerization nature compounds other than (b) 
("Copolymer (A)" is said hereafter), the compound which has two or more polymerization sexual 
response radicals in the (B) molecule, And the radiation-curing nature constituent for optical 
waveguide formation characterized by containing (C) radiation polymerization initiator The optical 
waveguide which formed at least one of (it may be hereafter called a "radiation-curing nature 
constituent"), a cladding layer, and the core parts with this constituent, and its manufacture 
approach are offered. 
[0006] 

[Embodiment of the Invention] The radiation hardenability product copolymer for optical 
waveguide formation (A) can be obtained by carrying out radical copolymerization of the radical 
polymerization nature compound which has the radical polymerization nature compound and (b) 
annular alkyl group which have the (a) carboxyl group, and does not have a carboxyl group, (c) 
above (a), and the radical polymerization nature compounds other than (b) in a solvent. 
[0007] As a radical polymerization nature compound (a) which has said carboxyl group, the 
methacrylic-acid derivative which has a carboxyl group and ester bonds, such as dicarboxylic 
acid;2-SAKUSHINO roil ethyl (meta) acrylate, such as monocarboxylic acid; maleic acids, such as 
an acrylic acid, a methacrylic acid, and a crotonic acid, a fumaric acid, a citraconic acid, 
mesaconic acid, and an itaconic acid, 2-MAREINO roil ethyl (meta) acrylate, and 2-hexahydro 
phthloyl ethyl (meta) acrylate, for example can be used. These compounds can be used 
combining independence or two sorts or more. In these, an acrylic acid, a methacrylic acid, and 
2-hexahydro phthloyl ethyl (meta) acrylate are an acrylic acid and a methacrylic acid desirable 
still more preferably. 

[0008] The rate of the structural unit originating in the radical polymerization nature compound 
which has the carbonyl group occupied in a copolymer (A) is 5 - 50 % of the weight, and is 10 - 
40 % of the weight preferably. When it is hard coming to dissolve when this constituent is 
stiffened by optical exposure as the rate of this structural unit is less than 5 % of the weight, and 
an alkali development is performed, and it uses as a core part of optical waveguide, the core 
configuration as a design is not acquired and sufficient transmission characteristic is not 
acquired. Conversely, even if it exceeds 50 % of the weight, the thing of the configuration as a 
design is not obtained. 

[0009] As a radical polymerization nature compound (b) which has said annular alkyl group and 
does not have a carbonyl group, cyclohexyl (meta) acrylate, 2-methylcyclohexyl (meta) acrylate, 
dicyclopentanil oxy-ethyl (meta) acrylate, isobornyl (meta) acrylate, dicyclopentanil(metha) 
acrylate, etc. can be mentioned, for example. These compounds can be used combining 
independence or two sorts or more. In these, dicyclopentanil(metha)acrylate is desirable. 
[0010] The rate of the structural unit originating in the radical polymerization nature compound 
which has the annular alkyl group occupied in a copolymer (A), and does not have a carbonyl 
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group is 15 - 60 % of the weight, and is 20 - 50 % of the weight preferably. The molecular weight 
of the copolymer obtained as this rate is less than 15 % of the weight does not fully go up, but 
the hardening film of this constituent of 20-micrometer or more thickness becomes difficult, and 
the waveguide configuration of hope cannot be produced. Conversely, if it exceeds 60 % of the 
weight, the solubility over the solvent of the copolymer obtained falls, and in case a copolymer is 
prepared, a problem will arise. 

[0011] said — others — a radical polymerization nature compound (c) is used in order to mainly 
control the mechanical property and refractive index of a copolymer (A) moderately. As such 
other radical polymerization nature compounds (c), acrylic-acid (meta) alkyl ester, acrylic-acid 
(meta) aryl ester, dicarboxylic acid diester, aromatic series vinyl, conjugation diolefins, a nitrile 
group content polymerization nature compound, a chlorine content polymerization nature 
compound, an amide joint content polymerization nature compound, and fatty-acid vinyl can be 
mentioned preferably. Specifically Methyl (meta) acrylate, ethyl (meta) acrylate, Isopropyl (meta) 
acrylate, n-butyl (meta) acrylate, Acrylic-acid (meta) alkyl ester, such as sec-butyl (meta) 
acrylate and t-butyl (meta) acrylate; Phenyl (meta) acrylate, Acrylic-acid (meta) aryl ester, such 
as benzyl (meta) acrylate; A diethyl maleate, Dicarboxylic acid diester, such as diethyl fumarate 
and itaconic-acid diethyl; Styrene, Alpha methyl styrene, m-methyl styrene, p-methyl styrene, 
vinyltoluene, Aromatic series vinyl, such as p-methoxy styrene; 1,3-butadiene, Conjugation 
diolefins, such as isoprene, 1, and 4-dimethylbutadiene Nitrile group content polymerization 
nature compounds, such as acrylonitrile and a methacrylonitrile; A vinyl chloride, Chlorine 
content polymerization nature compounds, such as a vinylidene chloride; fatty-acid vinyl [, such 
as amide joint content polymerization nature compound; vinyl acetate, ], such as acrylamide and 
methacrylamide, can be used. These compounds can be used combining independence or two 
sorts or more, and methyl (meta) acrylate, n-butyl (meta) acrylate, styrene, especially its alpha 
methyl styrene, etc. are [ among these ] desirable. The rate of the structural unit originating in 
radical polymerization nature compounds other than (a) occupied in a copolymer (A) and (b) is 5 
- 80 % of the weight, and is 20 - 70 % of the weight preferably. 

[0012] As a polymerization solvent used in case a copolymer (A) is compounded For example, a 
methanol, ethanol, ethylene glycol, a diethylene glycol, Alcohols, such as propylene glycol; Cyclic 
ether; ethylene glycol monomethyl ether, such as a tetrahydrofuran and dioxane, Ethylene glycol 
monoethyl ether, ethylene glycol wood ether, Ethylene glycol diethylether, the diethylene-glycol 
monomethyl ether, Diethylene glycol monoethyl ether, diethylene-glycol wood ether, Diethylene- 
glycol diethylether, diethylene-glycol ethyl methyl ether, The alkyl ether of polyhydric alcohol, 
such as propylene glycol monomethyl ether and the propylene glycol monoethyl ether; Ethylene 
glycol ethyl ether acetate, The alkyl ether acetate of polyhydric alcohol, such as diethylene- 
glycol ethyl ether acetate and propylene glycol ethyl ether acetate; Toluene, Aromatic 
hydrocarbon, such as a xylene; An acetone, a methyl ethyl ketone, Methyl isobutyl ketone, a 
cyclohexanone, 4-hydroxy-4-methyl-2-pentanone, Ketones, such as diacetone alcohol; Ethyl 
acetate, butyl acetate, ethyl lactate, 2-hydroxy ethyl propionate, 2-hydroxy-2-methyl ethyl 
propionate, 2-hydroxy-2-methyl ethyl propionate, ethoxy ethyl acetate, Ester, such as 
hydroxyacetic acid ethyl, 2-hydroxy-3-methyl butanoic acid methyl, 3-methoxy methyl 
propionate, 3-methoxy ethyl propionate, 3-ethoxy ethyl propionate, and 3-ethoxy methyl 
propionate, is mentioned. Cyclic ether, the alkyl ether of polyhydric alcohol, the alkyl ether 
acetate of polyhydric alcohol, ketones, and ester are [ among these ] desirable. 
[0013] Moreover, as a polymerization catalyst in radical copolymerization, the usual radical 
polymerization initiator can be used, for example, organic peroxide, such as an azo compound; 
benzoyl peroxide [, such as - azobis - ^-methoxy^'-dimethylvateronitrile) ], lauroyl peroxide, t- 
butylperoxy pivalate, and 2 and 2(- azobisisobutyronitril, and '2, 2 f )~azobis - (2,4- 
dimethylvaleronitrile), 2, and 2 '1, 1'-screw-(t-butylperoxy) cyclohexane, a hydrogen peroxide, 
etc. can be mentioned. When using a peroxide for a radical polymerization initiator, it is good also 
as an initiator of a redox type combining a reducing agent. The desirable average molecular 
weight of the copolymer (A) obtained is 3,000-100,000. This molecular weight is defined by the 
polystyrene conversion called for by the gel permission chromatography (GPC). It becomes 
difficult to carry out coating of this constituent to molecular weight being less than 3,000 by 
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predetermined thickness on a substrate. On the contrary, if molecular weight exceeds 100,000, in 
case optical waveguide will be formed with this constituent, the target waveguide configuration 
may not be acquired. 

[0014] The compounds (B) which have two or more polymerization sexual response radicals in 
the molecule which constitutes the constituent of this invention are thermal polymerization 
and/or a compound to photopolymerize, and can illustrate a compound as shown below. 
The compound which has two or more ethylene nature partial saturation radicals in a molecule; 
(meta) the compound which contains an acryloyl radical or a vinyl group in [ two or more ] a 
molecule can be used. As such a compound, for example Ethylene GURIKORUJI (meta) acrylate, 
Tetra-ethylene GURIKORUJI (meta) acrylate, polyethylene GURIKORUJI (meta) acrylate, To 1, 
4-butane JIORUJI (meta) acrylate, 1, and 6- KISANJIORUJI (meta) acrylate, Neopentyl 
GURIKORUJI (meta) acrylate, tris (2-hydroxyethyl) iso SHIANURETOJI (meta) acrylate, Bis 
(hydroxymethyl) tricyclo DEKANJI (meta) acrylate, The di(meth)acrylate of the diol which is the 
adduct of the ethyleneoxide of bisphenol A, or propylene oxide, The di(meth)acrylate of the diol 
which is the adduct of the ethyleneoxide of hydrogenation bisphenol A, or propylene oxide, The 
epoxy (meta) acrylate which made acrylate (meta) add to the diglycidyl ether of bisphenol A, the 
diacrylate of polyoxyalkylene-ized bisphenol A, etc. are mentioned. As acrylate (meta) which 
furthermore contains three or more acryloyl (meta) radicals in a molecule The compound in 
which the acrylic acid (meta) three mols or more carried out the ester bond to the polyhydric 
alcohol which has three or more hydroxyl groups, For example, TORIMECHI roll pro pantry (meta) 
acrylate, pen TAERISURITORUTORI (meta) acrylate, Trimethylol propane TORIOKISHI ethyl 
(meta) acrylate, tris (2-hydroxy ethyl) iso SHIANURETOTORI (meta) acrylate, dipentaerythritol 
hexa (meta) acrylate, etc. are mentioned. Moreover, a polyether, polyester, the polyether acrylic 
oligomer that has a polyurethane frame, polyester acrylic oligomer, polyurethane acrylic oligomer, 
or poly epoxy acrylic oligomer can also be used for a principal chain. 

[0015] as these commercial items — YUPIMA [ ] UV — SA1002 and SA2007 (above) The 
Mitsubishi Chemical make, screw coat #195, #230, #215, #260, #295, #300, #335H.P., # 360, #400, 
#540, and # — 700 and 3 — PA and GPT (above) The OSAKA ORGANIC CHEMICAL INDUSTRY 
make, light acrylate 4 EG-A, 9 EG-A, NP-A, DCP-A, BP-4EA, BP-4PA, PE-3A, PE-4A, DPE-6A 
(above, product made from the Kyoeisha chemistry), KAYARAD MANDA, HX-220, HX-620, R- 
551, R-712, R-604, R-684, PET-30, GPO-303, TMPTA, DPHA, D-310, D-330, DPCA-20, -30, - 
60, -120 (above) The Nippon Kayaku make, ARONIKKUSU M208, M210, M215, M220, M240, 
M305, M309, M310, M315, M325, M400, M1200, M6100, M6200, M6250, M7100, M8030, M8O60, 
M8100, M8530, and M8560 — M9050 (above, Toagosei make), RIPOKISHI VR-77, VR-60, VR-90 
(above) The Showa High Polymer make, Ebecryl 81, 83, 600, 629, 645, 745, 754, 767, 701, 755, 
705, 770, 800, 805, 810, 830, 450, 1830, and 1870 (above) The product made from die eel UCB, 
the beam sets 575, 551 B, 502H, and 102 (above, product made from the Arakawa chemistry), etc. 
are mentioned. 

[0016] The compound which has two or more cyclic ether in a molecule; the compound which 
has two or more cyclic ether can be used into a molecule among an oxirane compound, an 
oxetane compound, an oxo-run compound, etc. For example, it is 3 and 4-epoxycyclohexyl 
methyl as oxirane compounds. - 3\ 4'-epoxy cyclohexane carboxylate, 2-(3, 4-epoxycyclohexyl - 
5, 5-spiro -3, 4-epoxy) cyclohexane-meta-dioxane, A bis(3, 4-epoxycyclohexyl methyl) horse 
mackerel peat, a bis(3, 4-epoxy-6-methylcyclohexyl methyl) horse mackerel peat, 3, 4-epoxy-6- 
methylcyclohexyl - 3\ 4 - epoxy -6-methylcyclohexane carboxylate, Methylenebis (3, 4-epoxy 
cyclohexane), dicyclopentadiene diepoxide, The JI (3, 4-epoxycyclohexyl methyl) ether of 
ethylene glycol, An ethylene screw (3, 4-epoxy cyclohexane carboxylate), Epoxidation tetra- 
benzyl alcohol, the lactone denaturation 3, 4-epoxycyclohexyl methyl - 3\ 4'-epoxy cyclohexane 
carboxylate, Lactone denaturation epoxidation tetrahydro benzyl alcohol, cyclohexene oxide, 
Bisphenol A diglycidyl ether, bisphenol F diglycidyl ether, Bisphenol S diglycidyl ether, 
hydrogenation bisphenol A diglycidyl ether, Hydrogenation bisphenol F diglycidyl ether, 
hydrogenation bisphenol A D diglycidyl ether, Bromination bisphenol A diglycidyl ether, 
bromination bisphenol F diglycidyl ether, Bromination bisphenol S diglycidyl ether, epoxy novolak 
resin, 1,4-butanediol diglycidyl ether, 1, 6-hexanediol diglycidyl ether, Glycerol triglycidyl ether, 
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trimethylolpropane triglycidyl ether, Polyethylene glycol diglycidyl ether and polypropylene glycol 
diglycidyl ether, Ethylene glycol, Propylene glycol, By adding one sort or two sorts or more of 
alkylene oxide to aliphatic series polyhydric alcohol, such as a glycerol The monoglycidyl ether of 
the diglycidyl ester; aliphatic series higher alcohol of the Pori glycidylethers; aliphatic series 
long-chain dibasic acid of the polyether polyol obtained; A phenol, The glycidyl ester of a 
monoglycidyl ether; higher fatty acid of the polyether alcohol which adds alkylene oxide to cresol, 
butylphenol, or these, and is obtained; Epoxidized soybean oil, Epoxy butyl stearate, epoxy 
stearin acid octyl, the epoxidation linseed oil, etc. can be mentioned. As an oxetane compound, 3, 
a 7-bis(3-OK[SETANIRU)-5-OKlSA-nonane, 3 and 3-(1, 3-(2-MECWRENlRU) propane diyl 
screw (oxy-methylene)) screw - (3-ethyl oxetane), 1, 4-bis[(3-ethyl-3-OKISETA nil methoxy) 
methyl] benzene, 1, 2-bis[(3-ethyl-3-OKISETA nil methoxy) methyl] ethane, 1, a 3-bis[(3-ethyl- 
3-OKISETA nil methoxy) methyl] propane, The ethylene glycol bis(3-ethyl-3-OKISETA nil 
methyl) ether, The JISHIKURO pentenyl bis(3-ethyl-3-OKISETA nil methyl) ether, The 
triethylene glycol bis(3-ethyl-3-OKISETA nil methyl) ether, The tetraethylene glycol bis(3-ethyl- 
3-OKISETA nil methyl) ether, The tricyclodecane diyl dimethylene (3-ethyl~3-OKISETA nil 
methyl) ether, The trimethylol propane tris (3-ethyl-3-OKISETA nil methyl) ether, 1, 4-bis(3- 
ethyl-3-OKlSETA nil methoxy) butane, 1, a 6-bis(3-ethyl-3-OKISETA nil methoxy) hexane, The 
pentaerythritol tris (3-ethyl-3-OKISETA nil methyl) ether, The pentaerythritol tetrakis (3-ethyl- 
3-OKISETA nil methyl) ether etc. can be illustrated, and these can be used combining 
independent one sort or two sorts or more. 

[0017] As these commercial items, the EPO lights 40E, 100E, and 70P, 1500NP, 100MF, 4000 and 
3002 (above, product made from the Kyoeisha chemistry), the SEROKI sides 2021 and 2081, 
GT301 and GT401, EPOLEAD CDM, PB3600, the EPO friends A1005, A1010, and A1020 (above, 
Daicel Chemical Industries make), DENAKORU 611, 612, 512, 521, 411, 421, 313, and 321 (above, 
Nagase Brothers formation make), etc. are mentioned. 

[0018] Moreover, you may be the compound which contains the above mentioned ethylene 
nature partial saturation radical and both at least one or more reactivity radicals of cyclic ether 
in a molecule, respectively. For example, glycidyl (meta) acrylate, vinyl cyclohexene oxide, 4-vinyl 
epoxy cyclohexane, 3, and 4-epoxycyclohexyl methyl (meta) acrylate etc. is mentioned. As for 
these compounds (B), it is desirable to use the compound which may use by independence or 
two sorts or more, and contains an ethylene nature partial saturation radical in [ two or more ] a 
molecule especially, the (Copolymer A) 100 weight section — receiving — desirable — the 30 - 
150 weight section — it is the 50 - 130 weight section more preferably. In case optical 
waveguide is formed in case of under 30 weight sections, when the target waveguide 
configuration may not be acquired and the 1 50 weight sections are exceeded, compatibility with 
a copolymer (A) may worsen and may produce a film dry area on a hardened material front face. 
[0019] The radiation polymerization initiator (C) which constitutes the constituent of this 
invention is an initiator which can generate the active species which can carry out the 
polymerization of the compound (B) described above with the radiation. A radiation means 
infrared radiation, a visible ray, ultraviolet rays and an X-ray, an electron ray, alpha rays, beta 
rays, and ionizing radiation like a gamma ray here. Therefore, the radiation polymerization initiator 
which is a component (C) is needed, and a photosensitizer is added further if needed. It can 
divide roughly into what decomposes by optical exposure and generates a radical as a radiation 
polymerization initiator (radiation radical polymerization initiator), and the thing (radiation cationic 
initiator) which generates a cation. 

[0020] As a radiation radical polymerization initiator, for example An acetophenone, 
acetophenone benzyl ketal, A 1 -hydroxy cyclohexyl phenyl ketone, 2, and 2-dimethoxy-2-phenyl 
acetophenone, xanthone and full — me — non and ** NZUARUDEHIDO, a fluorene, and 
anthraquinone — A triphenylamine, a carbazole, 3-methylacetophenone, 4-chlorobenzo phenon, 
A 4 and 4-dimethoxy benzophenone, 4, and 4'-diamino benzophenone, A Michler s ketone, the 
benzoin propyl ether, benzoin ethyl ether, Benzyl dimethyl ketal, 1-(4-isopropyl phenyl)-2~ 
hydroxy-isobutane-1-ON, 2-hydroxy - 2-methyM -phenyl propane-1-ON, a thioxan ton, A 
diethyl thioxan ton, 2-isopropyl thioxan ton, 2-chloro thioxan ton, 2-methyM -[4-(methylthio) 
phenyl]-2-morpholino-propane-1-ON, 2, 4, 6-trimethyl benzoyl diphenyl phosphine oxide, and 
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screw-(2, 6-dimethoxybenzoyl)- 2, 4, and 4-trimethyl pentyl phosphoretted hydrogen oxide etc. 
is mentioned. 

[0021] As a commercial item of a radiation radical polymerization initiator, Irgacure 184, 369, 651, 

500, 819, 907, 784, and 2959, CGI1700, CGI1750, CGI11850 and CG 24-61, Darocurl 116 and 

1173 (above, made in Tiba Speciality Chemicals), LucirinTPO, TPO-L (above, BASF make), 

YUBEKURIRU P36 (product made from UCB), etc. are mentioned, for example. 

[0022] The onium salt which has the structure expressed with the following general formula (1) 

as a radiation cationic initiator can be mentioned. This onium salt is a compound which emits 

Lewis acid by receiving light 

[R12a R13b R14c R15d W]+m[MXn+m]-m (1) 

It is that R12, R13, R14, and R15 are the same or a different organic radical, and a cation is 
onium ion among [type and (a+b+c+d) is [ W is S, Se, Te, P As, Sb Bi, O, I, Br, CI, or N**N, and / 
a, b, c, and d are the integers of 0-3, respectively, and ] equal to the valence of W. M is the 
metal or metalloid which constitutes the neutral atom of a halogenide complex [MXn+m], for 
example, is B, P, As, Sb, Fe, Sn, Bi, aluminum, calcium, In, Ti, Zn, Sc, V, Cr, Mn, Co, etc. X is 
halogen atoms, such as F, CI, and Br, m is the charge of the net of halogenide complex ion, and n 
is the valence of M. ] 

In a general formula (1) as an example of onium ion Diphenyliodonium, 4-methoxy 
diphenyliodonium, bis(4-methylphenyl) iodonium, Bis(4-tert-buthylphenyl) iodonium, bis(dodecyl 
phenyl) iodonium, Triphenylsulfonium, diphenyl-4-thio phenoxyphenyl sulfonium, A bis[4-(diphenyl 
SURUFONlO)-phenyl] sulfide, a bis[4-(JI (4-(2-hydroxyethyl) phenyl) SURUHONIO)-phenyl] 
sulfide, eta5-2 and 4-(cyclo pen TAJIENIRU) [1, 2, 3, 4, 5, and 6-eta-(methylethyl)-benzene]- 
iron (1+) etc. is mentioned. 

[0023] As an example of the anion (MXn+m) in the above-mentioned general formula (1), 
tetrafluoroborate (BF4-), hexafluorophosphate (PF6-), hexafluoroantimonate (SbF6-) t 
hexafluoroarsenate (AsF6-), hexa chloro antimonate (SbCI6-), etc. are mentioned. As onium salt 
which can be used as a radiation cationic initiator, it sets to said general formula (27), and is 
general formula: [MXn(OH)-] instead of [MXn+m]. 

( — here, M, X, and n are as a definition about a general formula (1).) — the onium salt which has 
other anions, such as the anion expressed, perchloric acid ion (CI04-), trifluoro methysulfonic 
acid ion (CF3S03-), fluorosulfonic acid ion (FS03-), toluenesulfonic acid ion, trinitrobenzene 
sulfonic acid ion, and trinitrotoluene sulfonic acid ion, is mentioned. 

[0024] As a commercial item of a radiation cationic initiator For example, UVI-6950, UVI-6970, 
UVI-6974, UVI-6990 (above) Union Carbide, ADEKAOPUTOMA SP-150, SP-151, SP-170, SP- 
171 (above) Asahi Denka Kogyo K.K., Irgacure 261 (above, Ciba-Geigy), CI-2481, CI-2624, CI- 
2639, CI-2064 (above) Nippon Soda Co., Ltd., CD-1010, CD-1011, CD-1012 (above) Sartomer, 
DTS-102, DTS-103, NAT-103, NDS-103, TPS-102, TPS-103, MDS-103, MPI-103, BBM01, 
BBI-102, BBI-103 (above) Green Chemistry, Degacure K126 (Degussa AG make) etc. is 
mentioned. The aforementioned radiation polymerization initiator can constitute the (C) 
component combining one-sort independence or two or more sorts of things. 
[0025] When it is made into a component (A) and the total quantity 100 weight section of (B), as 
for the content rate of the (C) component in the radiation-curing nature constituent of this 
invention, it is desirable that it is usually 0.1 - 20 weight section, and it is desirable that it is 
especially 0.2-10 weight section. (C) When the content rate of a component is under the 0.1 
weight section, hardening may not fully advance but may produce a problem in the transmission 
characteristic of optical waveguide. On the other hand, if 20 weight sections are exceeded, an 
initiator may have a bad influence on a long~-term transmission characteristic. 
[0026] Moreover, in a radiation-curing nature constituent, it is also desirable to use together 
with the radiation polymerization initiator mentioned above, and to blend a photosensitizer. This 
reason is because energy lines, such as light, can be absorbed more effectively by using a 
photosensitizer together, as such a photosensitizer — derivative [ of a thioxan ton, a diethyl 
thioxan ton, and a thioxan ton ]; — a derivative; coumarin, a keto coumarin, etc. of the derivative; 
xanthone of the derivative; anthracene of anthraquinone, bromine anthraquinone, and 
anthraquinone, a bromine anthracene, anthracene derivative; perylene, and perylene, a thioxan 
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ton, and a thioxan ton can be mentioned. These photosensitizers need to choose the sensitizer 
for which it was suitable according to the class of initiator. 

[0027] In the radiation-curing nature constituent of this invention, in the range which does not 
spoil the property of the radiation-curing nature constituent of this invention if needed other 
than the aforementioned component For example, the compound and macromolecule resin which 
contain one polymerization sexual response radical in a molecule, For example, an epoxy resin, 
acrylic resin, polyamide resin, polyamidoimide resin, Polyurethane resin, a polybutadiene resin, 
polychloroprene resin, polyether resin, Polyester resin, a styrene-butadiene block copolymer, 
petroleum resin, xylene resin, ketone resin, cellulosic resin, a fluorine system polymer, and a 
silicone system polymer polymer can be blended. 

[0028] An antioxidant an ultraviolet ray absorbent, light stabilizer, a silane coupling agent, a 
painted-surface amelioration agent, thermal polymerization inhibitor, a leveling agent, a 
surfactant, a coloring agent, a preservation stabilizer, a plasticizer, lubricant, a filler, a particle, an 
antioxidant, a wettability amelioration agent, an antistatic agent, etc. can be blended as various 
additives further again if needed in addition to the above-mentioned component. Here, as an 
antioxidant, it is Irganox 1010, 1035, 1076, and 1222 (above), for example. The product made from 
tiba SUPESHARUTI KEMIKARUZU, Antigene P, 3C, FR, Sumi Reiser (Sumitomo Chemical make), 
etc. are mentioned. As an ultraviolet ray absorbent For example, Tinuvin P, 234, 320, 326, 327, 
328, 329, 213 (above) The product made from tiba SUPESHARUTI KEMIKARUZU, Seesorb 102, 
103, 110, 501, 202, 712, and 704 (above, SHIPRO formation make), etc. are mentioned. As light 
stabilizer For example, Tinuvin 292, 144, 622LD (above, product made from tiba SUPESHARUTI 
KEMIKARUZU), SANORU [ LS and Sumisorb ] 770 (Sankyo make) TM-061 (Sumitomo Chemical 
make) etc. is mentioned. As a silane coupling agent for example, as gamma-aminopropyl 
triethoxysilane, gamma-mercapto propyltrimethoxysilane, gamma-meta- 

acryloxyprophyltrimethoxysilane, and a commercial item SH 6062 and 6030 (above, Dow Corning 
Toray Silicone make), KBE 903, 603, and 403 (above, Shin-Etsu Chemical make), etc. are 
mentioned. As a painted-surface amelioration agent For example, silicone additives, such as a 
dimethylsiloxane polyether, are mentioned. As a commercial item, DC-57, DC-1 90 (above, Dow 
Corning make), SH 1 28PA, SH-29PA, SH-30PA, SH-190 (above) The Dow Corning Toray 
Silicone make, KF351, KF352, KF353 and KF354 (above, Shin-Etsu Chemical make), L-700, L- 
7002, L-7500, FK-024-90 (above, Nippon Unicar make), etc. are mentioned. 

[0029] As for the radiation-curing nature constituent of this invention, it is still more desirable as 
a (D) component to contain an organic solvent. Since suitable viscosity can be obtained while 
the preservation stability of a radiation-curing nature constituent improves by adding an organic 
solvent, the optical waveguide which has uniform thickness can be formed. 

[0030] Although it can choose as a class of organic solvent in the range which does not spoil the 
purpose of this invention, and effectiveness, it is usually desirable that the boiling point under 
atmospheric pressure is the organic compound which has a value within the limits which are 50- 
200 degrees C, and it is the organic compound made to dissolve each constituent in 
homogeneity. The organic solvent specifically used in case the copolymer of a component (A) is 
prepared can be used. As a desirable organic solvent, alcohols, ester, and ketones are mentioned 
and at least one solvent chosen from the group which consists of propylene glycol monomethyl 
ether, ethyl lactate, methyl isobutyl ketone, methyl amyl ketone, toluene, a xylene, and a 
methanol is mentioned as a more desirable organic solvent. 

[0031] When it is made into the AUW 100 weight section of (C) from a component (A), as for the 
content of an organic solvent, it is desirable to consider as the value of the 10 - 200 weight 
section within the limits. It is because the viscosity control of a radiation-curing nature 
constituent may become difficult if the addition of this organic solvent becomes under 10 weight 
sections, and is because it may become difficult to form the optical waveguide which has 
sufficient thickness if the addition of an organic solvent exceeds the 200 weight sections on the 
other hand. 

[0032] The radiation-curing nature constituent of this invention chooses suitably the class of 
the above-mentioned (A) component and (B) component, loadings, etc., in order to consider as a 
refractive index required for the part to be used, i.e., a cladding layer, and a core part. In case 
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the radiation-curing nature constituent of this invention is prepared, it is desirable to make the 
viscosity into the value within the limits of 1-10,000cps (25 degrees C), it is more desirable to 
consider as the value within the limits of 5-8,000cps (25 degrees C), and it is still more desirable 
to consider as the value within the limits of 10-5 f 000cps (25 degrees C). 

[0033] Optical waveguide drawing 1 is the sectional view showing the fundamental configuration 
of the optical waveguide constituted with the application of the radiation-curing nature 
constituent of this invention. As shown in this drawing 1 , optical waveguide is constituted 
including the substrate 1 2 extended in the direction of a right angle (the depth direction) in 
space, the lower cladding layer 13 formed on the front face of this substrate 12, the core part 15 
which was formed on this lower cladding layer 13 and which has specific width of face, and the 
up cladding layer 17 formed by carrying out a laminating on the lower cladding layer 13 containing 
this core part 15. And as waveguide loss decreases, the core part 15 is covered with the lower 
cladding layer 13 and the up cladding layer 17 including the flank, and is in the condition laid 
underground as a whole. 

[0034] In the optical waveguide of the above configurations, although especially the thickness of 
a lower cladding layer, an up cladding layer, and a core part is not restricted, respectively, it is 
desirable to, make [ lower clad layer thickness ] 3-200 micrometers and up clad layer thickness 
into the value within the limits of 1-200 micrometers for the thickness of 1-200 micrometers and 
a core part for example. Moreover, although not limited especially about the width of face of a 
core part, either, it is desirable to consider as the value within the limits of 1-200 micrometers 
for example. 

[0035] Moreover, it is required to make the refractive index of a core part larger than which 
refractive index of the lower part and an up cladding layer. Therefore, while making the refractive 
index of a core part into the value of 1.420-1.650 within the limits to light with a wavelength of 
400-1, 600nm, it is desirable to make the refractive index of a lower cladding layer and an up 
cladding layer into the value of 1.400-1.648 within the limits, respectively. Moreover, it is 
desirable that the refractive-index difference of a core part and a cladding layer is separated 
0.1% or more, and it is desirable to make especially the refractive index of a core part into a 
value larger at least 0.1% than the refractive index of a cladding layer. As for the optical 
waveguide of this invention, at least one of the above-mentioned cladding layer and the core 
parts consists of a hardened material of the radiation-curing nature constituent of this invention. 
The cladding layer and core part which are not formed with the hardened material of the 
radiation-curing nature constituent of this invention can be formed by polyimide, polyacrylate, 
the polycarbonate, a polysiloxane, etc. 

[0036] Optical waveguide is formed through a process as shown in drawing 2 . That is, after 
carrying out coating of the radiation-curing nature constituent for forming those layers for each 
of lower cladding layers 13, core parts 15, and up cladding layers (not shown), it is desirable to 
form by carrying out radiation curing. In addition, the following examples of formation explain a 
lower cladding layer, a core part, and an up cladding layer supposing forming from the constituent 
for lower layers which is a radiation-curing nature constituent with which the hardened material 
with which refractive indexes differ after hardening, respectively is obtained, the constituent for 
cores, and the constituent for the upper layers. And it is desirable to use as the constituent for 
cores the radiation-curing nature constituent which gives the hardening film of the highest 
refractive index using two sorts or three sorts of radiation-curing nature constituents with which 
the difference of a refractive index serves as proper magnitude, and to use other radiation- 
curing nature constituents as the constituent for lower layers and a constituent for the upper 
layers. However, the constituent for lower layers and the constituent for the upper layers may 
be the same radiation-curing nature constituents, it is economically advantageous that it is the 
usually same constituent, and it is more desirable from manufacture management becoming easy. 

[0037] ** As shown in preparation **** of a substrate, and drawing 2 (a), prepare the substrate 
12 which has a flat front face. Especially as a class of this substrate 12, although not restricted, 
a silicon substrate, a glass substrate, etc. can be used, for example. 

[0038] ** It is the process which forms the lower cladding layer 13 in the front face of the 
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substrate 12 in which the lower cladding layer carried out formation process preparation. As 
shown in drawing 2 (b), apply the constituent for lower layers to the front face of a substrate 12, 
it is made to dry or prebake, and, specifically, the thin film for lower layers is formed in it. And 
this thin film for lower layers can be stiffened by irradiating a radiation, and the lower cladding 
layer 13 can be formed. In addition, it is desirable to irradiate a radiation all over a thin film and 
to harden the whole in the formation process of the lower cladding layer 13. 
[0039] Here, as the method of application, approaches, such as a spin coat method, a dipping 
method, a spray method, the bar coat method, the roll coat method, the curtain coat method, 
gravure, the silk screen method, or the Inkjet method, can be used for the constituent for lower 
layers. Among these, since the thin film for lower layers of uniform thickness is obtained 
especially, it is more desirable to adopt a spin coat method. Moreover, since the rheology 
property of the constituent for lower layers should be appropriately corresponded to the method 
of application, it is desirable to blend various leveling agents, a CHIKUSO grant agent, a filler, an 
organic solvent, a surfactant, etc. if needed. Moreover, as for the thin film for lower layers which 
consists of a constituent for lower layers, it is desirable after spreading to prebake at the 
temperature of 50-200 degrees C in order to remove an organic solvent etc. In addition, they are 
the contents which are applied also in the formation process of the core part mentioned later, 
and the formation process of an up cladding layer about the method of application in the 
formation process of a lower cladding layer, and amelioration of a rheology property. 
[0040] Moreover, although there is nothing also about the exposure of the radiation at the time 
of forming a lower cladding layer especially at the thing restricted, it is desirable to irradiate the 
radiation of 2 so that an exposure may serve as 10 - 5,000 mJ/cm2, and to expose it the 
wavelength of 200-390nm and the illuminance of 0.1-500mW/cm. Although the light, ultraviolet 
rays, infrared radiation, an X-ray t alpha rays, beta rays, a gamma ray, etc. can be used here as a 
class of radiation irradiated, especially ultraviolet rays are desirable. And as irradiation equipment 
of a radiation (ultraviolet rays), it is desirable to, use a high-pressure mercury lamp, a low- 
pressure mercury lamp, a metal halide lamp, an excimer lamp, etc. for example. Moreover, heat- 
treating further (henceforth "postbake") is desirable so that the whole paint film surface may 
harden enough after exposure. What is necessary is to be 50-300 degrees C preferably, for 
example, just to usually make it into the heating conditions of for [ 5 minutes ] - 72 hours 30- 
400 degrees C, although this heating condition changes according to the combination 
presentation of a radiation-curing nature constituent, the class of additive, etc. In addition, they 
are the contents which are applied also in the formation process of the core part mentioned 
later, and the formation process of an up cladding layer about the exposure of the radiation in 
the formation process of a lower cladding layer, a class, and the irradiation equipment of a 
radiation (ultraviolet rays). 

[0041] ** it is shown on formation, next this lower cladding layer 13 of a core part at drawing 2 
(c) — as — the constituent for cores — applying — desiccation — or make it prebake further 
and form the thin film 14 for cores. Then, as shown in drawing 2 (d), it is desirable to irradiate a 
radiation 16 to the top face of the thin film 14 for cores through the photo mask 19 which has 
the predetermined Rhine pattern according to a predetermined pattern. Since only the part 
where the radiation was irradiated hardens by this, as shown in drawing 2 (e), the core part 15 
which consists of hardening film by which patterning was carried out can be formed on the lower 
cladding layer 13 by carrying out development removal of the part which is not hardened 
[ other ]. 

[0042] Moreover, after the exposure of the radiation 16 to the thin film 14 for cores for forming 
the core part 15 is performed according to the photo mask 19 which has a predetermined 
pattern, by developing a part for an unexposed part with a developer, an unnecessary non- 
hardened part is removed and the core part 15 is formed of this. Thus, the approach of a-c 
which it is not restricted to the approach using the photo mask which consists of the 
transparency section and the nontransparent section of a radiation as an approach of irradiating 
a radiation according to a predetermined pattern, for example, is shown below is mentioned, 
a. How to use a means to form the mask image using the same principle as a liquid crystal 
display which consists of a radioparency field and a radiopacity field according to a 
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predetermined pattern in electro-optics. 

b. How to irradiate a radiation through the optical fiber corresponding to the predetermined 
pattern in this light guide section material using the light guide section material which comes to 
bundle many optical fibers. 

c. How to irradiate a radiation-curing nature constituent, while making the convergent radiation 
obtained according to condensing nature optical system, such as a laser beam or a lens, and a 
mirror, scan. 

In addition, after exposure, in order to promote hardening of an exposure part, heat-treating 
(henceforth "PEB") is desirable. Although the heating condition changes according to the 
combination presentation of a radiation-curing nature constituent, the class of additive, etc., it is 
usually 50-150 degrees C preferably 30-200 degrees C. 

[0043] Thus, pattern exposure can be carried out according to a predetermined pattern, and a 
development can be carried out to the thin film stiffened alternatively using the soluble 
difference for a part for a hard spot, and a non-hard spot. Therefore, after pattern exposure, 
while removing a part for a non-hard spot, a core part can be formed as a result by making the 
amount of hard spot remain. 

[0044] As a developer here An organic solvent or a sodium hydroxide, a potassium hydroxide, A 
sodium carbonate, a sodium silicate, a meta-sodium silicate, ammonia, Ethylamine, n propylamine, 
diethylamine, G n propylamine, Triethylamine, methyl diethylamine, N-methyl pyrrolidone, 
Dimethylethanolamine, triethanolamine, tetramethylammonium hydroxide, The alkali water 
solution which consists of alkali, such as a tetraethylammonium hydroxide, choline, pyrrole, 
piperidine, 1, 8-diazabicyclo [5.4.0]-7-undecene, 1, and 5-diazabicyclo [4.3.0]-5-nonane, can be 
used. Moreover, when using alkali water solubility, it is desirable to usually make the 
concentration into the value of 0.1 - 3.0% of the weight of within the limits preferably 0.05 to 25% 
of the weight. In addition, it is also desirable to carry out suitable amount addition of water- 
soluble organic solvents, surfactants, etc., such as a methanol and ethanol, and to use it for such 
an alkali water solution as a developer. 

[0045] Moreover, developing time is usually for 30 - 600 seconds, and the development approach 
can adopt well-known approaches, such as a liquid peak method, a dipping method, and the 
shower developing-negatives method, being air-dry as it is, when an organic solvent is used as a 
developer — moreover — the case where an alkali water solution is used — a stream — 
washing — for example, a pattern-like coat is formed by carrying out for 30 - 90 seconds and 
removing the moisture on a front face by carrying out an air dried with the compressed air, 
compression nitrogen, etc. Subsequently, in order to stiffen the patterning section further, by 
heating apparatus, such as a hot plate and oven, postbake processing will be carried out for 5 - 
600 minutes at the temperature of 30-400 degrees C, and the hardened core part will be formed. 

[0046] ** **** of an up cladding layer — subsequently, apply the constituent for the upper 
layers to the front face of the lower cladding layer 13 in which the core part 15 was formed, 
make it dry or prebake, and form the thin film for the upper layers in it. By irradiating a radiation 
and besides, stiffening it to the thin film for layers, as shown in drawing 1 , the up cladding layer 
17 can be formed. Moreover, the up cladding layer obtained by the exposure of a radiation has 
the desirable thing which were further mentioned above if needed and to do for postbake. By 
carrying out postbake, the up cladding layer excellent in a degree of hardness and thermal 
resistance can be obtained. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.###5{c shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EXAMPLE 

[Example] Hereafter, although an example explains this invention concretely, this invention is not 
limited to these examples. 

[0048] [Preparation of a radiation-curing nature constituent] 

After carrying out the nitrogen purge of the flask to which the example of preparation 1 dry ice / 
methanol dephlegmator of the copolymer for core parts (A) were attached, ethyl lactate was 
taught for 2 and 2'-azobisisobutyronitril as a polymerization initiator, and 53.8g was taught as 
1.3g and an organic solvent, and it stirred until the polymerization initiator dissolved. Then, after 
teaching 6.7g [ of methacrylic acids ], and dicyclopentanil methacrylate 15.7g, styrene 9.0g, and 
n-butyl acrylate 13.5g, stirring was begun gently. Then, the temperature of a solution was raised 
at 80 degrees C, and the polymerization was performed at this temperature for 4 hours. Then, 
the resultant was dropped at a lot of hexanes, and the resultant was made to solidify. 
Furthermore, it remelted to the tetrahydrofuran of this congelation and this weight, and was 
made to solidify again by a lot of hexanes. After performing this remelting-coagulation actuation 
a total of 3 times, the vacuum drying of the obtained congelation was carried out at 40 degrees 
C for 48 hours, and the target copolymer A-1 was obtained. 

[0049] Example 2 of preparation of the copolymer for cladding layers (A) After carrying out the 
nitrogen purge of the flask to which dry ice / methanol dephlegmator was attached, ethyl lactate 
was taught for 2 and 2 , -azobis dimethylvaleronitrile as a polymerization initiator, and 54.3g was 
taught as 0.5g and an organic solvent and it stirred until the polymerization initiator dissolved. 
Then, after teaching 4.5g [ of methacrylic acids ], and dicyclopentanil methacrylate 9.0g, methyl 
methacrylate 20.4g, and n-butyl acrylate 11. 3g, stirring was begun gently. Then, the temperature 
of a solution was raised at 80 degrees C, and the polymerization was performed at this 
temperature for 4 hours. Then, the resultant was dropped at a lot of hexanes, and the resultant 
was made to solidify. Furthermore, it remelted to the tetrahydrofuran of this congelation and this 
weight, and was made to solidify again by a lot of hexanes. After performing this remelting- 
coagulation actuation a total of 3 times, the vacuum drying of the obtained congelation was 
carried out at 40 degrees C for 48 hours, and the target copolymer A-2 was obtained. 
[0050] After carrying out the nitrogen purge of the flask to which the example of preparation 3 
dry ice / methanol dephlegmator of the copolymer for core parts (A) were attached, ethyl lactate 
was taught for 2 and 2 -azobisisobutyronitril as a polymerization initiator, and 53.8g was taught 
as 1.3g and an organic solvent, and it stirred until the polymerization initiator dissolved. Then, 
after teaching 6.7g [ of methacrylic acids ], and isobornyl methacrylate 15.7g, styrene 9.0g, and 
n-butyl acrylate 13.5g, stirring was begun gently. Then, the temperature of a solution was raised 
at 80 degrees C, and the polymerization was performed at this temperature for 4 hours. Then, 
the resultant was dropped at a lot of hexanes, and the resultant was made to solidify. 
Furthermore, it remelted to the tetrahydrofuran of this congelation and this weight and was 
made to solidify again by a lot of hexanes. After performing this remelting-coagulation actuation 
a total of 3 times, the vacuum drying of the obtained congelation was carried out at 40 degrees 
C for 48 hours, and the target copolymer A-3 was obtained. 

[0051] After carrying out the nitrogen purge of the flask to which the example of preparation 4 
(example of comparison) dry ice / methanol dephlegmator of the copolymer for core parts (A) 
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were attached, ethyl lactate was taught for 2 and 2 -azobisisobutyronitril as a polymerization 
initiator, and 53.8g was taught as 1.3g and an organic solvent, and it stirred until the 
polymerization initiator dissolved. Then, after teaching dicyclopentanil methacrylate 17.9g, 
styrene 9.1 g, and n-butyl acrylate 17.9g, stirring was begun gently. Then, the temperature of a 
solution was raised at 80 degrees C, and the polymerization was performed at this temperature 
for 4 hours. Then, the resultant was dropped at a lot of hexanes, and the resultant was made to 
solidify. Furthermore, it remelted to the tetrahydrofuran of this congelation and this weight, and 
was made to solidify again by a lot of hexanes. After performing this remeltingrcoagulation 
actuation a total of 3 times, the vacuum drying of the obtained congelation was carried out at 40 
degrees C for 48 hours, and the target copolymer A-4 was obtained. 

[0052] After carrying out the nitrogen purge of the flask to which the example of preparation 5 
(example of comparison) dry ice / methanol dephlegmator of the copolymer for cladding layers 
(A) were attached, ethyl lactate was taught for 2 and 2 -azobis dimethylvaleronitrile as a 
polymerization initiator, and 54.3g was taught as 0.5g and an organic solvent, and it stirred until 
the polymerization initiator dissolved. Then, after teaching 4.5g [ of methacrylic acids ], and 
methyl methacrylate 24.9g, and n-butyl acrylate 15.8g, stirring was begun gently. Then, the 
temperature of a solution was raised at 80 degrees C, and the polymerization was performed at 
this temperature for 4 hours. Then, the resultant was dropped at a lot of hexanes, and the 
resultant was made to solidify. Furthermore, it remelted to the tetrahydrofuran of this 
congelation and this weight, and was made to solidify again by a lot of hexanes. After performing 
this remelting-coagulation actuation a total of 3 times, the vacuum drying of the obtained 
congelation was carried out at 40 degrees C for 48 hours, and the target copolymer A-5 was 
obtained. 

[0053] Copolymer A-1 in which the radiation-curing nature constituent J-1 carried out 
preparation **** The radiation-curing nature constituent J-1 was obtained by carrying out 48.5 
weight sections addition of the 3.0 weight sections and the ethyl lactate, and mixing to 
homogeneity Irgcure.369 (made in Tiba Speciality Chemicals) which are the 6.5 weight sections 
and a radiation radical polymerization initiator about the 10.0 weight sections and 
trimethylolpropane triacrylate in the polyester polyfunctional acrylate (the Toagosei make, 
M8100) which is a polymerization reactivity constituent to the 32.0 weight sections. 
[0054] Copolymer A-2 in which the radiation-curing nature constituent J-2 carried out 
preparation **** The radiation-curing nature constituent J-2 was obtained by carrying out 41.6 
weight sections addition of the 3.0 weight sections and the ethyl lactate, and mixing to 
homogeneity Irgcure.369 (made in Tiba Speciality Chemicals) which are the 11.1 weight sections 
and a radiation radical polymerization initiator about the 16.6 weight sections and 
trimethylolpropane triacrylate in the polyester polyfunctional acrylate (the Toagosei make, 
M8100) which is a polymerization reactivity constituent to the 27.7 weight sections. 
[0055] Copolymer A-3 in which the radiation-curing nature constituent J-3 carried out 
preparation **** The radiation-curing nature constituent J-3 was obtained by carrying out 48.5 
weight sections addition of the 3.0 weight sections and the ethyl lactate, and mixing to 
homogeneity Irgcure.819 (made in Tiba Speciality Chemicals) which are the 13.5 weight sections 
and a radiation radical polymerization initiator about the pentaerythritol thoria chestnut rate 
which is a polymerization reactivity constituent to the 35.0 weight sections. 
[0056] Copolymer A-1 in which the radiation-curing nature constituent J-4 carried out 
preparation **** The radiation-curing nature constituent J-4 was obtained by carrying out 48.5 
weight sections addition of the 3.0 weight sections and the ethyl lactate, and mixing to 
homogeneity SP170 (product made from the Asahi electrification) who are the 16.5 weight 
sections and a radiation cationic initiator about the polyfunctional oxirane compound (the Daicel 
Chemical Industries make, EPOLEAD GT 301) which is a polymerization reactivity constituent to 
the 32.0 weight sections. 

[0057] Copolymer A-1 in which the radiation-curing nature constituent J-5 carried out 
preparation **** The radiation-curing nature constituent J-5 was obtained by carrying out 48.5 
weight sections addition of the 3.0 weight sections and the ethyl lactate, and mixing to 
homogeneity Irgcure.369 (made in Tiba Speciality Chemicals) which are the 13.5 weight sections 
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and a radiation radical polymerization initiator about the dipentaerythritol hexaacrylate (the 
Nippon Kayaku make, DPHA) which is a polymerization reactivity constituent to the 35.0 weight 
sections. 

[0058] Copolymer A-4 in which the radiation-curing nature constituent J-6 carried out 
preparation (example of comparison) **** The radiation-curing nature constituent J-6 was 
obtained by carrying out 48.5 weight sections addition of the 3.0 weight sections and the ethyl 
lactate, and mixing to homogeneity Irgcure.369 (made in Tiba Speciality Chemicals) which are the 
6.5 weight sections and a radiation radical polymerization initiator about the 10.0 weight sections 
and trimethylolpropane triacrylate in the polyester polyfunctional acrylate (the Toagosei make, 
M8100) which is a polymerization reactivity constituent to the 32.0 weight sections. 
[0059] Copolymer A-5 in which the radiation-curing nature constituent J-7 carried out 
preparation (example of comparison) **** The radiation-curing nature constituent J-7 was 
obtained by carrying out 41.6 weight sections addition of the 3.0 weight sections and the ethyl 
lactate, and mixing to homogeneity Irgcure.369 (made in Tiba Speciality Chemicals) which are the 
1 1.1 weight sections and a radiation radical polymerization initiator about the 16.6 weight 
sections and trimethylolpropane triacrylate in the polyester polyfunctional acrylate (the Toagosei 
make, M8100) which is a polymerization reactivity constituent to the 27.7 weight sections. 
[0060] [Example 1] 

(1) The formation radiation-curing nature constituent J-2 of the formation ** lower cladding 
layer of optical waveguide was applied by the spin coater on the front face of a silicon substrate, 
and was prebaked the condition for 120 degrees C and 10 minutes using the hot plate. 
Subsequently, the paint film which consists of a radiation-curing nature constituent J-2 was 
irradiated for 30 seconds, and radiation curing of the ultraviolet rays of the wavelength of 365nm 
and illuminance 20 mW/cm2 was carried out to it. And this hardening film was made into the 
lower cladding layer with a thickness of 50 micrometers by carrying out postbake on 200 degrees 
C and the conditions of 1 hour. 

[0061] ** The paint film was formed by the spin coater on the lower cladding layer, and prebake 
of formation of a core part, next the radiation-curing nature constituent J-1 was carried out on 
120 degrees C and the conditions for 10 minutes using the hot plate. Then, through the photo 
mask which has a Rhine-like pattern with a width of face of 50 micrometers, the ultraviolet rays 
of 2 were irradiated for 30 seconds the wavelength of 365nm, and the illuminance of 20mW/ cm, 
and radiation curing of the paint film was carried out to the paint film with a thickness of 50 
micrometers it is thin from the radiation-curing nature constituent J-1. Next, PEB was 
performed for the paint film which carried out radiation irradiation the condition for 100 degrees 
C and 1 minute. Subsequently, it was immersed into the developer which consists of a 
tetramethylammonium hydroxide water solution (TMAH) the substrate which has the paint film 
which carried out radiation hardening 1.8%, and the unexposed part of a paint film was dissolved. 
Then, postbake was performed on 200 degrees C and the conditions of 1 hour, and the core part 
which has a Rhine-like pattern with a width of face of 10 micrometers was formed. 
[0062] ** **** of an up cladding layer — subsequently the radiation-curing nature constituent 
J-2 was applied to the top face of the lower cladding layer which has a core part by the spin 
coater, and it prebaked on 120 degrees C and the conditions for 10 minutes using the hot plate. 
Then, the up cladding layer with a thickness of 50 micrometers was formed in the paint film 
which consists of a radiation-curing nature constituent J-2 by irradiating the ultraviolet rays of 
the wavelength of 365nm, and illuminance 20 mW/cm2 for 30 seconds. Then, postbake of this up 
cladding layer was carried out on 200 degrees C and the conditions of 6 hours. 
[0063] Optical waveguide was formed by the same technique as the above mentioned technique 
except [ all ] using the constituent shown in Table 2 instead of using the constituent which 
described examples 2-4, the [examples 1-3 of comparison] lower cladding layer, the core part, 
and the up cladding layer in the example 1. 

[0064] (2) The case where core height and core width of face became "O", more than it, and the 
following configurations about the case where the configuration of 50**5 micrometers is formed, 
about the core configuration (height [ of 50 micrometers ] x Rhine width of face of 50 
micrometers) designed by technique to have carried out the precision above of the optical 
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waveguide configuration was made into "x." A result is shown in Table 2. 
[0065] (3) transmission loss evaluation of optical waveguide — incidence of the light with a 
wavelength of 824nm was carried out from the end about the optical waveguide which consists 
of the lower cladding layer, core part, and up cladding layer which were obtained by doing in this 
way. And the waveguide loss per unit length was searched for by the cutting-back method by 
measuring the quantity of light which carries out outgoing radiation from the other end. A result 
is shown in Table 2. 
[0066] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view of the optical waveguide of this invention. 

[Drawing 2] (a) -(e) — a part of manufacture approach of optical waveguide — it is process 

drawing. 

[Description of Notations] 
10 Optical Waveguide 

1 2 Substrate 

1 3 Lower Cladding Layer 

14 Thin Film for Cores 

15 Core Part 

16 Radiation 

17 Up Cladding Layer 

18 Ridge 

1 9 Photo Mask 
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DRAWINGS 
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[Drawing 2] 
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*-u^ft4fd5Wlc»*bt\ (A) 

(a) (b) «^7^^S-&14{k^i-** 

■r zmfemtLnn^te 5 - s o sa%x-*> . l < 

1120-7 0lI%X^5o 
[0 0 12] ^S^fls: (A) *r*rili-*Rl^ffl^6^S 

/Uft^C0T/^=i— /l-S ;fh7t Kd77^ 
^y^f;Ux-f/K i/xf uy^y 3-/^yxf ;U 

x^uy^y 3— /uv?ji^/uji— f /K v ? ji^u>-^y 

n— /Ucn^-zU^ ^/l^ji— t 1 /^, ^PtVy^yn-W 

— 7vuft£ p <Z)^ffiT/i'=*— ; ^ 
f i/y^y 3— /uji^vurt— f;u7tr- h> v^m^u 

y n— /vxf/i'X- ^/PTir-r— h^^^i7^=»- 
/K^7/^^/^-r^7tf - hi ; h/i-^>\ 
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-fc Kn - 4 - ^ f ^- 2 ^ / y % v^Tir h 

2-t KP^r^-2->f/^Pt 0 tySxf/K 2- 
ftK^i^/K t KP^->llf»xf/K 2-fc Ko^>- 

[0 0 13] *fc* 9^/u*fi-frJC*3ltSfi^*MEt 

Ltd, asr^7^*/ufi'&BH*s»Jdsffiffi-e#. Mx.(f 

2, 2 '-T/fX^y^fprihy/K 2, 2' — T 

✓ trx- (2, 4-^>f/^up^hy^) s 2, 

K 1, 1* - ( t —73 L /l"</UX-*is) 

s^tntmt (a) o# 

^11/^^11^3, 0 0 0 — 1 0 0, 0 0 0-Cfc 

-60 : (o^t iiy/WN- vr> a >^ ^ 7 7 ^ 

(GPC) {Cj:oT*^^tt6^y X^I^^SlX*^ 
d, ^1^1 0 0, 0 0 0*iB;tS£. #»J*»-C# 
[0 0 14] **Woa*<»Sr«*-r-6» J ?-*^2«K 

±oa^ttKieas:*i"5ft-&* (b) *±, mm-er. *s 

J: 5 fcfl^ft «r«ra*r S w £ 5. 

1- 2 Ea±g2£E±k id££M*M&M±M& 

r^yi/-K 1. 
7^yu-h, 1. 6 -^3r1f y-^t- /I'v 5 r 

l'— K hy^ ^y'>7>?^ 



10 -^*^3fi«±^) u*) 7^yp^^s^tte 

^^hy u*) 7^y i^-h, -o-^y^y h— a* 
bv u^Ttyis-b. hy^fp-/^p^h 

yt^yxf/l' (^) 7^yi — K hy^ (2-t 

k*->cc*vu) ^yi/7?i/-hhy 7fyu 
- h#d«*jf e>tt-5 0 ^i^^y^-^/K #y 
y/u^-y^-^— . ^y^f^7^y^ty^- # 

[0015] rjh,e>offiJK&£ u-cfi, ^tv-uv 

SA1 0 0 2, SA2 00 7 (£JLk. H»M3K) > 
Xn-h#i95. #2 3 0, #215. # 2 6 0. # 
2 9 5. #3 0 0. # 3 3 5HP. # 3 6 0. #40 
0. #5 4 0. #700. 3 P A. GPT (J£Ui. 

^mitmxmm . ?-f hr^y i — K4eg-a. 9 

30 EG-A. NP-A, DCP-A. B P — 4 E A. BP 
-4PA. PE-3A. PE-4A. DPE-6A (iik 
±. &m±.4t¥M) x KAYARAD MANDA. H 
X-220, HX-620, R-551. R-7 12. 
R-6 0 4. R-6 8 4. PET-30, GPO-30 
3. TMPTA. DP HA, D-310. D-3 3 0. 
DPCA-20. -3 0, -6 0. - 1 2 0 0 
&4£MM) , 7P-y^^M 2 0 8. M210. M21 
5. M220. M240. M305, M309. M31 
0, M315. M325. M400. M1200. M6 

40 100, M6200. M6250. M7100. M80 
30. M8060, M8100. M8530. M856 

o. M9050 (j^±. yn^am) . u^vr- 

7 7, VR-6 0, VR-9 0 (J£J,±, BgfaSb^H 1 
W > Ebecryl81. 83. 600, 629, 6 
4 5, 7 4 5. 7 5 4, 7 6 7. 7 0 1. 7 5 5. 7 0 
5, 7 7 0. 8 0 0, 8 0 5, 8 1 0, 8 3 0. 4 5 
0, 183 0, 1870 («±. y-f ir/PUCBK) , 
tT— Air y h 5 7 5, 551B. 502 H. 102 (£1 

so [0016] 2fl£jL±08MftJ.-^/Hfiar^T-r 
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Jf->7WC^Ii: 1X3, 4 -x^v^>^ cz^^fv' 
/u^f L /^-3 > , 4' -itjtf^v'^n^lfV^/M? 
^i/U— K 2- (3, .4-x^V*>^D^i/;U- 
5, 5-Xt 8 n-3, 4-^^K^ri/) v^^o^^r^^- 
7* * — v*3MMJ->. t*^ (3, 4-^3#3rv'v'^ cr^^f- 
iy/W-y^/y) Ti^-K e*X (3, 4-3i^^rv^-6 
-y^/Ui/^n^^r-V/U^^-/^) 7'^- h> 3, 4- 
3izK3r^-6 -^^/W-v'^ n^^vvV—3' , 4* 

K ^f^t'^ (3, 4 -^/K^rv'v'^ n^^Mf 

^y=i— /yoDv* (3, 4— m/K^rv^>^d^^rix/U^^ 
zu) m— tvk xfi/yt^ (3, 4 -x^yy^ o 

/UT/t-^-zK 7^h^te3, 4~^^^r'>v'^ 
^rv^/uy ^/U- 3' , 4' -x^y^P^t^ 

7xy-^Ay^yy^x-f/K e'x7xy-/PF 
-y^yyy/H-f/K t'X7xy-/WS^/^y v^v^/u 
31— r/K TK^fX^^y — /UAv^y v'v?/^— X 

/K *S if ^ 7 x y -;vf v?^ y v?/n-f^, TkEs 
y^y — /uAi^^D y^-r/K ^mikt***?^; 

—/UFZ/-?}) ->v*/u:*— fvK Ii{^^7x7-;US 
y^yyy/Ux-f/K msK^f-W #7y^»fll> 1, 
4 "T*^ y^t-^v?^y v'^/^-T/U, 1, 6 

^vv^— /wv^ y v'vv^—tvk ^ y -t y y h y 
^yv^x-f/w, h y y /^D^'y hy^y 

v^/nn— r/K /Ky JL^uV'^y A-v^y 

^y/ptvy/yn-^yv/^/^- 

x/Ufi ; ^\sls>f y a— /K 7 P Pt , l/y^y='-;K 

^ y y ^tt z<Dmvim&mTA>=-Mz 1 a* fci* 2 

fcftS^y 31— r/u^y jv<r>i£y try y^^-f 
/US ; flgflSKS«-^SK^^^y $^***^n>»I ; 
flgflfiKSjRT/u^— /uco^ey ^y v-^/^— x/u® ; 7 

^u/-;K -?*fiV-7^J — /l^fcfiCtL^ 

/uT/un-zKO^ey^y y^/ux-f /wf ; fSft^Wi 
zfT y yg/'f/K »tf * y^f7 y 
^yft^ft^tt, 3, O-^-^ir^^/u) 

-5 3, 3* - (1, 3- (2-y 
^Un/U) 7 P P^y^/Hf^ (t^rWf ^y) ) t:* 

o-^/y^ir^y) . 1, 4-tr* C (3- 



m^/y- 3 -^-^-ir^^/^y h^-iy) t^/H ^v-t? 
^ N i, 2-t'x [ ( 3 -oi^/y- 3 -^-^--tr^^/uy 
h^vO y^vu] 1, 3-tr* [ (3-^^/u 

-3-^^rir^n/uy y^/u] 
i/y^y^-^t'?; 3-^"^^^— /uy 

- 3 -^ir^/uy ^/u) tvk hyx^yy^ 
y xi— /ut:*^ (3-^^/u- 3 — ^-^F-fe^= /yy^/y) 

31— 7VK Th7^f ^y3-/HfX (3-3i^/U 

10 - 3-^*1?* ~/yy^/y) ^—x/y. hyv^or^ 
Viy>f /Uv^y ^u>^ (3-3i^/u- 3 -^-^rir^xi/uy 
^vvO m— M>fP-;U^p^yhy^ (3- 
ji^/u- 3-^-^rir^xi/uy ^-/y) m— ■ r/K 1, 4 - 
t';* (3 -3i^/U- 3 = ^ h^y) ^ 

V x 1, 6 — t'^ (3 — m^vu- 3 -^-^rir^x^/uy h 

^3M^>\ -<y^xyxy y—^YV^ (3 
^/u- 3 -^-^rir^xi/uy fvu) ji— tvk y 
xUh-^fh/^ (3-^-^/U- 3 -^"^rir^xi/U 

20 i mmkihz> 2s^±^m^^"c^v^ r ^ a* 

[0 0 17] rtL^^TtT^p°pcb UTJi. 3i^^^ h 4 0 
E. 100E, 70P. 1 5 0 0NP> 100MF, 4 
0 0 0. 30 0 2 (£A_L. &m±it^M) . -fea^-f 
K2 0 2 K 2081. GT301, GT40K it# 
y-KCDM, PB3 6 0 0, x^7l/yKA100 
5. A1010, A1020 (£A._h. ^-fe/Wb*X* 
K) x 7^3-^6 lis 6 12, 512. 521. 4 
11. 421. 313. 321 (J^±. T2Hz1ta8m 

30 m*m?bti&o 

[0 0 18] ^fc. ffrf2Ufc3i^U>tt^^S. *3<t 

i/y^y^/y (y^ 7 ) r^y y- h. fc'— /y^>^ n-x^ir 

yt^t^ 4 - t*x^/U3i^^-v->^ o^^ri^V. 

3, 4-3i^ae^v/^o^^rWuy^ (^^) r^y 

h*if*S«lf btlZo Ztlb<Dlt&%) (B) fi. * 

40 4:dS»*Li\ (A) 10 0l«Rfc#Lt, 

$f^U<(13 0-1 5 OfiSgtf. «t»9»^L<(i5 0- 
13 0itflJ-C$)5o 3 0fi*«*SS"C*>Si:. 

i 5 omsas^®^6^> ^s^* (a) <hoti 

[0 0 19] 

M (C) li. »*T«»wJ:o-ClWIBU*ift*4fc (B) ^rS 
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[0 0 2 0] 3Sk««fc9^*/H[*Bltt*Jfc Itll 

1 ~b Ko^r^^ D^->/U7x=/^ h >\ 2, 2 10 
-is* h^rC/- 2-^^^/UTir h7xyy, 3r^Vh 

>\ 7^tuyy, ^yxr^ft h\ 7^uy, r 

y h7^y^, hy7x^/U7;y, /K 3 

-^^7^^7x7^ 4-^0 0^/7*^^ 
4, 4' -*^h^y/7xyy, 4, 4' -s?T 

^^/W^r^— /K 1- (4 fy/Pt°/V7xr:/U) - 

2 — t Kp^'>- 1 -3j->\ 2 - 

e Ko^>- 2 — ^ ^/u— 1 "7x- ^d^v- 1 — 20 

[R 12 a R 13 b R ,4 c R l5 d 
jj*?*ls&*=zi;Jx4*l/X-*>*). WI2S. S 
e. Te. P. As. Sb, Bis O. K Br. CI 
*fcliNsN-e*>*K R 12 , R 13 . R 14 *5ctt/R 15 fil^ 
-*fctt»*-5#»S-e*>5. a. b. c&XUd&J: 
H-ftt0-3^*»tf*>or. (a + b + c+d) I1W 
coffiftjw*? Ml*. ^vf^itm&kW [MX — ] 

B . P. As. Sb. Fe. Sn. Bi. Al. C 
a. In. Ti. Zn. Sc. V. Cr. Mn. Cote 30 
H-QlhZ>o XI*#!;ttfF. CI. Br^/NDyyf^ 

9. nHM<ow^Hiffi-e*>5o 3 

— A£xt (l) (cio^x^^^-r^-^^^^Ji: tt 

^7x-;U3- 4-^ h^^xx/U 

g— K=*-*. t'x U-^fvl^^-zU) 3— £ 
^. f * (4-tert-^/l-7^^/U) 3— K— £ -k. 
tr* ( Kt^7x=:;U) 3— hy^air^/U 

/l^/Uft^grA, tT^ [4- (v?7x=/^/V7t- 40 

-^^^/u] ^/p^>r K. tr* [4- (4- 
(2-t KP^-yxf/v) ^^^/w) ^/u^^^-) -7 

oc-/U] ^/V7>f h\ tj 5 -2, 4- ('^P^y 
m^/U) [1, 2, 3, 4, 5, 6-rj) - U 

?vu) —O'ifX] -« (1+) m*mtfbtiz>o 

[0 0 2 3] ±E— (1) (M 

X™, ) (O^tim rh77/^D^U-F 

(BF4") . -^an^7/U^-o*^7*— h (PFe-) . 
/N^f7/UtP7>f^-^ (SbFe") . ^^-^^ 
;^P7/Hr^>-h (AsFe") . ^l^nnTy^- so 



ls s 2-^^- 1- [4- (^/W^) 'Kl 

-2- : e/^y/-7 p p^y-i-ty, 2, 4, 6- 

h U ^ f /l/^y /^f /i/v?7 x ^/V7 1 ^7 >f ^^IM 
K. f*- (2, 6~i?* h^r^^^^) -2, 
4, 4- h ]) ^f;^yf/W7t^7>fyt^'> 

[0 0 2 1] »c*M*9 ^*^«*H*WM^flTJIEfp ^ 
11. Irgacurel84. 369. 651. 

500. 819. 907. 784. 2959. CGI1 
700. CGI1750. CGI11850. CG24 
-61.Darocurlll6. 1173 (W-t. ^ 
y< . ^^v'-y y x-f • tr^X^^W . L u c i r i n 
TPO. TPO-L (J^±. BASFl) . a.^I/A' 

P36 (UCBM) m*mfhtiz>o 

[0022] tkatmxttism&witfflk lti*. tie 

-fext (1) tfSSttSWSSfc^ri"**-!?^**:*^ 

W] «■ [MXimi ] - (1) 

h (sbcis-) *ifds**f fens, tmm*?- 

tbX. ffiTfB— «5£ (2 7) tCio^T. [MX— ] <o 
CMXn (OH) "] 

( — x\ m. x*5«tt/n(±-«s:^; (i) \cmisfem<D 
(CIO*-) . h y 7/ut p ^ ^ y^/v7 1 ^»>f 

(CFaSO 3 -) . Z7/U^u^/U^^->m4 *f (FS 

Os ) . h/^^^^7tv8>ft^ hy^hp^y 

[0 0 2 4] Sc^^^Vfi^^J^miSp 0 p<t It 
I*. MtL&UV 1-6950. UV 1-6970. UV 
1 -6 9 7 4. UVI-6 9 9 0 (^i.±. ^-^.^rl/Jj — 
K?±) . Tr^tT'hv-S P - 1 5 0. SP-1 
51. SP-170. SP-171 (£*_hs Jfifl;<tXHg 

(»))>Irgacure 261 (JL^_b. ^tfj 
^-tt) . CI-2481. CI-2624. CI-2 
639. CI-2064 (J^±. B^WiS (») ) , C 
D-1010. CD-1011. CD-1012 (J^ 
_b. 1^— h-^— tt) s DTS-102. DTS-10 
3. NAT-103. NDS-103. TPS-10 

2. TPS-103. MD S-103. MP I - 1 0 

3. BBI-101. BBI-102. BB I - 1 0 3 
(«±, ^ 19 (»))sDegacure Kl 
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&t>1tX (C) ^Mt^Ct^t#5o 

[0025] *&w<DMcM&mfcm&j$.mz*srtz> 

(C) J&ft<D^mi&tt. Aft (A) t (B) (O^f+S 

i oo&m^t L/ct#ic ii«b. i~2omssrc 
M:i)fi>ffSi<, o. 

[oo2 6] **u 3SMt»wbtta*»«-*3^r. ±se 

it»IU\ **«l«r»fflt«wi:i: 
^x^5fc^T-fc5o COJ; 5 t Utli, ^ 

J*T> h7^>-^XX^T> Vy^mmW ; ^y 

.fctf^y ui/<DffimW ; h>\ Wtvh^ 20 

So 

[0027] *»w^tt*tj»«<fc;ffita*«J(wii. f«rfe<o 

r^y/uwm. tfyr^ k«m. #yr^ k 
-y ^ k»bb. * y 1? # y s^^wre, 30 

#y ^nnyi/y»E #yx-f;«> ^H^r 

s/iR^^y-^-> v-y =i-v^#y ^-tfy-^-SrlS^ 
[0 0 2 8] SfcKSfc. ±E*»KWw^»:ei:T 

**-e#*. ^-T% BWbBSitfflfcU-Crt:. «*.tf I r g 
anoxlOlO. 1 0 3 5. 1 0 7 6. 1 2 2 2 
± x • ^^v't^T^ • ^ „ An t i 

gene P. 3 C. FR. XS^-Yf 2 - (fl3tffc¥X 

inuvin P. 2 3 4. 3 2 0. 3 2 6. 3 2 7. 
328, 329. 213 (EX±. ■ X'<i/ J rA' s ?<< 

• ^r^^XS) . Seesorbl02 > 103. 1 
10. 501. 202. 712. 704 (£k±, so 
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nuvin 292. 144. 622LD (»±*. 

. ^v^/^* • . f/-^LS77 

0 (H*SSi) . S u m i s o r b TM- 0 6 1 

Tii> «xrfv-r^y^ P c3t:Vi-hy^H^v'^7^ 

T. SH6 0 6 2. 6 0 3 0 (£Jt_h> * l". • ^ !? = — — 
y^.y-pa- v§8) % KBE9 0 3. 6 0 3. 4 0 3 

LTte. W^tf^^/^o^+^y^— 7/^<Ov' 
y 3-^«&*D»tt s *tf £*U rMRi&t L-CI2DC-5 
7. DC-19 0 (£JL±. ^^-^V^W . SH- 
28PA. SH-2 9 PA. SH-30PA. SH-1 
9 0 (£*_b. Jfci" ' • = — V») . 

KF351. KF352. KF353. KF354 
±. ««fb^X*H) . L-7 0 0. L-7 0 0 2. L 
-750 0. FK- 024-90 (UA±. 0;*:^— # — 

[0029] **«^>*«tl»Wtttia*4(bf4. * e>l- 
(D) riMfrfcLT. «l»ll*:tirt5^i* s ff*t 

[0 0 3 0] WMgi:tt|j:, *3SM^e». 
^ETt'^i^^s o — 2o o^oiasF^^ffi^^ri"^ 

(a) <o*a-&«csrw«t-t-5BJ-«ffl-rs*r«*»J*fla 

><^y-/^e>*5»^f>a«*tt5^*< tt> low 

[oo3i] *r»»«^***i. ^ (a) 

(O ^iti o omsast ufetttc. 10-20 

i@jK<o s&josa 5 1 o fi*ffi*» t * 5 1 . J**tf6»fb 

^ . *»»«Eoas(ni** 2 0 0 ItS^Si^ 

[oo3 2] *»M^i*«t»*fcttaj««f4. ffiffi-rs 

^t-rs^W-. ±E (A) f$L9t. (B) rt^WI, 



13 

&m»r&Mz. % z<Dftm&, 1-10, ooo cps 
(25^) <D%mft<oUb'?z>z.b&ifrizi'<* 5 — 
8, 0 0 0c ps (2 5t) (DVsmft<ottt-rz>z.b& 

Jz9#£b<. 10 — 5, OOOcps (25t:) (Dm 

mft<ombi-&zbfr£b^f&&^\ 

[0 0 3 3] ftWfttt 

IS)) lw{*tf*S«l 2£. r^SSl 2<£>^®±lcj&£ 
SJxfcTSB* 7 y KB 1 3 fc, ^OT95^ 9 jy Kg 1 3 

**Sttfc±«B^9y Kg 1 7 b. *r*A/-e**S*vC 

££51-. *<7>fll*BSr£ft"C\ T»^5yKil 3*3 J: 
t;±^7 7 Kgl 7t^J:l9^SLX^t), 

[0 0 3 4] ei±^)J:5ft«ritO*»»B«-*3''^T. T 20 

Kg. ±«^7y Kg. *ij:t;=7a^fs 

8^7*yKi«)IJfcl' v 200(im, aTft^UJ 

f£ x 1 — 2 0 0 ^mt^jfiHrt^^-t"^-^^*^ 

[00 3 5] *fc, 3T«B^<Offi*T*Sr. TSfrfc^tf-t 
tt*9y KB^^-Pii^BJr** 9 t*#<"*"S-^* s 30 

Lfc^oT, M40 0-1, 6 0 0 nm 
^t^LT. aTS^SJr^l. 4 2 0—1. 6 

5 0<D$&mftv>fcb-rz>bbhl^ T*B*7*KB*5.fc 
OLtfflS^s' KB«>B*f**r*ivPixl. 4 0 0 — 1. 

6 4 8*>*&Hrttf>«l:£-f-£r: fc**#SLV\ = T 

**ff*Lir\ #*W<&#»«»*** ±IE* 9* KB*** 
{kttBJ*«^«<l*^^9****«'* , '^9 2x KB*** 

[00 3 6] 0 2 \C7jk-f± 5 4l8*gt 

*J*S*t*. -rftbt, T»^9^KBl3s ^rS5# 
1 5*5itf±»^9y KB (H^ri*o ) fc* ^"fix 
t. **tfe^B*:»J*^5fcft^*l**Wk*^** 
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B> 3T«»*3J:tf±»^9iy KB*. *ft«xBMfc* 

mim.m*htej&~rzzb*mj£^x. Kw-t-*. 
yobiLmttfof&itob&m— <oi&ftt&m<ktiMf&&>x~&<> 

[00 3 7] ®S«^*I 

Si\ 0 2 (a) {^-f £ 5 spW^ffi^r^rt'^S 
[0 0 3 8] ©T«B* 7 y YMW&fS&M 

mn ufcsts i 2 <^®ic 9 ^ kb 1 3 *^/& 

tSXgT'foSo ^frftt^tts H2 (b) i-^-r * ^ 

fcli^y ^<-^ $-frXTBfflSIBI*^fiK-**So ^l-X. 

-frT. 9 y KB 1 3 *»J*i"5 * 

*3> T»^9yKii3 0»rtlSm 

[0 0 3 9] ICX\ TBffl«**«:tt*^ftfc 

— *«s^TBffl*a* s »^ttsr. £^b> ^•trv'a— 

tt. ttflf», #W«W*ift»*i-«Btt-e5 0-2 0 
as^7^ KB<o»j«xa(w*3*t6a#^ife^ u^-o^ 

g^>, J:^7^ KB^0^Xgl^l>Tfe*>-C(i*5 

[0 0 4 0] *fc, W7 7Ki^Mt^^M 

&s 200 — 390nm. HBS 0 . 1 — 50 0 mW 
/cm2^»MSSr, HM»^1 0-5, OOOrnJ/ 
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ma®. xj». «*u e*>. 7***^^ 

SS*D#J^«SS*J-J:0*^6* S . 3 0-40 

Ot:. »*Kli5 0-3 0 0lC-C\ «*.f*5iMB— 7 
2*IB<olilffli*f*fc-rixf*Av\ **3. T»^?2xK* 

[0 0 4 1] <3>=T&ft<nM& 
?k\^ r^T»^7i/KSl3±l^ 13 2 (c) l^^-r 

^$«=iTMf 1 4^Mt6o ^^m. 0 2 

(d) 3rffl»Ri4^1ili»UT, 

Wit^rii^J:^ 0 2 (e) lc^i-J:5(-. TStf 
[0042] *fc. = rffi#i s&^/fc-rsfctotf^r 

-^\z-&<>xi&jttimj&m&tmii&*mmm®t x t> 
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30-20 

or. »£L<tt5 0 — 15 OttfcSo 
[0 0 4 3] ^<D£ b iatM^^-^«^^ 

10 [0 0 4 4] ::t*, SM^LTfj:, *f«K8k fr<5 

i^toMMt*- h y y RKt h y * 

^ v s n -/n tV^T ^ >\ h!)xW;^ * 
x^y-/vr ^ v. h yx^y-;u/^y, fh7^f 

tri/^o [5. 4. o] 

20 1, 5-^7f^D [4. 3. 0] 

ii«0. 0 5-2 511%, »*U<ii0. 1 
-3. OS^^lQiap^^ffi^^^-^^^^^o * 

[0 0 4 5] ^fd, gMfefl#PAl4, It3 0-6 0 0W 
fi«7Kft#^. «x.tf3 0-9 0»«m\ EJBS^ 

-4 o or^tasr'5-6 OO^B^'h^M 

40 [0 0 4 6] 9 ^ FJ§<nMf& 

fc\,sX\ ^7M1 5^M^nfcW 7 7 Ki 1 3 

IsfcX b (c±g|S^ 9 y KS 1 7 C ir ^T*# 

50 5 0 
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(10) 



M2 0 03-20 2 4 3 8 
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[0 0 4 7] 

[0 0 4 8] [JWi»wt1«aric«boWH] 
^ras^^a^a (a) ojjjKgy 

y/fp^hy^l. 3g. *«»#Jt UTlLlfc^ 
;^5 3. 8 g Srtfcfc^ fi^H»#JdS»»"T 5 * t?« 

^^;M^^y^M5. 7g, ^f^9. 0 
g ,*iJ:t;n-^W^^hl3. 5g£ffi&A, 

i@«4ott*4 8^w^iu e^j^-r^^a 

[0 0 4 9] * 7 y KJjJfl**-frtt (A) JPgMMfl 2 

2, 2' -T/t^^^f/W^l/n^hy/ulrO. 5 
g . #«S»J & UTJLlfct^A'*: 5 4. 3 g 

^y/H&4. 5g, v^v'^n^y^^/M^^ y l^-h 

9. Og. ^f/M^^!)^-h20. 4g, &£Xfn 
-y^/UT? y M 1 . 3 g trfti&A/tftt. tt-'W* 

it:, C(7)iiLSX-4B#^S^^:fTofCo ^tf^SL &JS£/& 

/Co :^W^Ii07h7tKn77y 

*W-«H»ff*r«-3iafTo*:«. »e>*Lfc*H**4 

[0 0 5 0] EZM£fflfiB£& LA) <PW««3 
fi*M*«Wi:LT2, 2' 

y^ashy^ti. 3 g. mtiumt uxfLSe^ 

/U& 5 3 . 8 g Srttfc*, S^M^J^*-T^^ "C« 
#Lfc G §l#S0c^T. y^^y^86. 7g. -fy^/u 

J:^n-^r^y^hl3. 5 g Srfti&A/fciSL 
gfeJW^fllttSrtea&fc. mm<Dl&m&8 0X:\z 



^4 0tt*4 8^W^SU @W<bi-5^fi^frA 
- 3 Sr»fco 

[0051] =»r«^ffl^m^» (a) <pmmm4 (it 
««) 

K7^fT^^/^^y — /u3g«e»<of+t ^77^3^1 

«*HW6»Ji:LT2, 2' 
y^fp^hy/^l. 3 g. *»**J4: UtfLK^ 
10 /^5 3. 8g *ft£3K fi-&M*&»J* 5 «#F-r S ^ X» 

hi 7. 9g, 7fi/y9. lg v fcWn-^W 

* y u- h l 7 . 9 g frffi&^*ra, Ig&Mz&w&tb 

^£ft30tTofc^ mbtitcmmw*: 4 otx-4 8&# 

[0 0 5 2] ^77F»IM (A) 

l^^Ji:lt2, 2' -T/t^^ 

5 4. 3 g &{±^3k *&Bfl*6#J 
-C*#Lfc. 3I#^T> >^^y^»4. 5g. ^ 
;W^^y^-h24. 9 g. ioi:t^n-y^/^T^ y 
l/-hl5. 8 g«rtt5i>^««. 
30 fc 0 §^i6g^8 0ti:±#S^ ~<DWJ£ 

081*tH11^7h7t Kn77y|:S§»U # 
^lt3[H]fTo/im. flW:W^4 0tT*4 8 BtW 

[0 0 5 3] ttMMKgfettafife^ J - 1 <P«» 
iaifc*l**A-i 3 2. 0fi£SBtt:*tU 

siCftm^xfe-s^y^^x/^'i'iBT^ y h 
40 asg^dt!!, M8ioo) ^rio. oasas. t-y^ 

^ n _ /U: / a /^V h y y l^— h^r6. sfisas. J* 
*ti»7^^fi-&BB*6»J"C*>S Irgcure. 369 
(f/<^^>ty7^f '^^^XD ^r3. Ofift 

5 r fc J: »9 , JWt*|ia{bttia«« J - l £*#/c 0 

[0054] tktommtm&i&to i - 2 ^i^m 

±atUfc#fi'&#A- 2 2 7. 7SS^(w^j-U. 
(*5*SK, M8 10 0) ^16. 6fiSgiS. hyy 

so fp-^n/^hyr^yiz-h^ii. 1 fifths. 
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»ft*7^^fi'&BB*6»J-e*)S I r g c u r e . 3 6 

gp. fL*xf^4i. 6ii«s»u ^-(^^-r 

[0 0 5 5] g^gjaia^ i - 3 <pwa» 

±^Lfc^S^*A- 3 3 5. OMtfRfcttU 

-htl3. 5 SMS* »»*I9^*^**BB*6»I^*> 
£Irgcure. 819 O^*^ V* V T A • 4r * 
^/uXi) £3. OlfS, A83if/vSr4 8. 5fiS 10 

deft J - 3 4:#fc 0 

[0 0 5 6] ^MMgibffiffi^ I - 4 (PM« 
±3SLfc#fi'&#A-l 3 2. OlfWL, 

{M^lSER* — KGT 3 0 1) 4:16. 5li 

35. ttltH^f-^-^M-frBBtt*!^** S P 1 7 0 (Asm 

J - 4 20 
[0057] tetom&<\Mtef£& J - 5 <pw» 

Jzi£Lfc#fi'g k frA- 1 3 5. OliffillMt, 1^ 

Ul/-h (B#fldR*L DPHA) 4:13. 5liS, 
»»j»9^/H['&BB*6»i"C-*>S I rgcure. 3 6 
9 (f/^'>t!lf-f • *5^XM 4:3. Ofift 

SrtCJ:^ »»j|»8Mkttafi»» J - 5 4:^fc 0 
[0 0 5 8] iAM&mmmtiZto T - 6 co MM WcXt 

ML 

_La!bfc^fi^^A- 4 3 2. OfiftSfll^U 
Mffi^daR, M8 10 0) 4:10. oaaas. 

»jB7^^^fi-&M*6»J-C*>S Irgcure. 369 
(f/^^!if^ ^;^D 4:3. Ofifi 

5 r. j: 9 , imumitm&i$m j - e 

[0 0 5 9] tt^g^feg Bftm I - 7 (PWK (lt« 

ML 4 
±i£Lfc^fi-&frA- 5 2 7. 7li»t^ 1-& 

MSg-frfiWH. M8 1 0 0) 4:1 6. 611^ hy^ 
f d-zu/p/nV h!!7^!/^-K:l 1. lfiSSi, 
tt«*»?^*/^*B*WJ^*>S Irgcure. 36 
9 (f/^^yf>f -^^^iS[) 4:3. Oil 
IL»*f/Hr4 1. 6lf»0t, ^J-lC^-r 

ttitiiffftttttdWi j - 7 

[00 6 0] [ JlJfcfll 1 ] 

(1) 3t»»»««* J 
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*Jtj»WfciS»a*» J - 2 4r> y a ^£«tf>*ffi-tl^ 
^tT^=i-^-ca*U, *y h^u- hSrffl^r 12 0 

B!fttt3BJ*1fc J — 2 35*6ftS WWw. 3 6 5 n iru 
B«2 OmW/cm2©M»S:3 0#BI«lt, tt 

H^*f4=-C^^ h^-^^t^r^t-J:^ 5 0 /i 

[0 0 6 1] ®37(|»0** 
8tfc, "iUttWftffiBriWJ J - 1 4:Ti&* 9 KJ§<D± 

•C120U 10d©*tt^^-^tfc. *^ 
^^Lt, 3 6 5nm, SS2 0mW/cm2<O 

PEBSrffofc. &l*T\ JMtiBhBft 

k*«« (tm ah) ^e)45««i*ti«iitt, m 
m<o*9*M*»t**tto t<om. 20 or, n*m 

[0 0 6 2] ®-h£l$^ 7 y KJi^fiR 
Rive, 37^tt6T^^7 * Kl<D±ffil^ Jft 
M^^bt^^ftJ-24*^t 0 >^--^X^#U. 

hyi/-h^^-ci2 0t, lo^ttt'^y^- 

Sf3 6 5 nm, »,S2 OmW/cm2(D^S 
4:3 0»IBHB*ti"SC4:^J: 9. f$5 0^m^ 

2 0 Or. 6B*MO*#-C#* h*<— * Ufc 0 
[0 0 6 3] [|Ufe«2-4, tfc««l~ 3] 
y Kg, = Tg|5#, ±«P* 7 > K«**H6« 1 t-IELfc 

[0 0 6 4] (2) #»&K*«<0»« 

±> j^T^«i-^ofc#^4: Txj t L/i 0 
2 lc^:-r o 

[00 6 5] ( 3 ) 3t*iK»s<oeaia*»« 

4nmOM-®^A^^tt 0 tit, «WI**&UJ 
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